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1.0 INTRODUCTION

1.1 Description of the RMA Problem

The Rocky Mountain Arsenal (RMA) 1s located in western Adams County,
northeast of ODenver, Coloradno. RMA was established in 1942 as a
manufacturing facility for the production of mustard gas. Subsequent
military uses included the production, handling, or demilitarization of GB
nerve agent, Lewisite, arsenous chloride, chlorine, cyanogen chloride (CX),
phosgene (CG), and incendizry bombs. In 1946, excess facilities at the
South Plants area wera leased by the Julius Hyman Co. for the production of
insecticides. The chemiczl division of the Colorado Fuel and Iron Company
leased several facilities in the South Plarts area in the early 1950's.
Products manufactured by CF&I included chlorobenzene, DOT, naphthalene,
chlorine, and fuzed caustic. In the early 1950's, the Shell Chemical
Company (SCC) began lnsecticide production in leased facllities within the
South Plants area, generally as successor to the Julius Hyman Co. Th1§
activity continued until recent years, and SCC still leasas facilities at
the South Plants area. SCC has alsoc reportedly constructed 66 buildings and
108 tanks In the South Plants area.

The industrial wastes from all operations of the government and its lessees
wers initially dischaiged Jjust north of tha South Plants area into Basin A,
an unlined basin in Section 36. Subsequently, wastes were discharged into
four other unlined basins, as well as Basin F which was constructed with an
asphalt liner. Some of the basins, pits, burn sites, sewers, and structures
(buildings, pipes and tanks) became scurces of grnund-water contamination.

In 1954, farmers near RMA claimed that their crops had beer damaged by ground
water used for Iirrigation. 1In May of 1574, diisopropylmethylphosphonate
(DIMP) and dicyclopentadiene (DCPD) were detected in surface water at the
northern boundary of the arsenal. Later that year the Colorado Department -
of Health (CCH) detected DIMP in 3 well north of the arsenal. As a result,
the COH issued cease and desist orders in April, 1975, directing 5CC and RMA
to Immadiately stop the off-post discharge of DIMP and DCPO in surface and
subsurface water.

1-1
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As a result of the CCH cease and desist orders, a contamination control
program at RMA was established to lnsure compliance with Federal and State
environmental laws. As a result of this program, sources of contamination
have been identified, pathways by which contaminants migrate into the
envirorment have been delineated, and three ground-water treatment systems
have been installed at the northern and northwestern boundaries of RMA to
intercept, treat, and replace contaminated ground water.

Two law suits have been filed as a result of the contamination at RMA. The
first suit was filed by the Department of Justice on behalf of the Department
of the Army against Shell Chemical Company Tor reimbursement of environment
response costs and for domage to the natural resocuces at RMA. The second
suit was filed by the State of Colorado on bebalf of the Colorado Department
of Health against the Shell Chemical Company and the U.S. Department of the
Army for envirommental damages both on and off RMA.

1.2 South Plants Area

1.2.1 Building Usage

More than 300 buildings, tanks, and fourdations have been identified in the
South Plants area. The Army used the South Plants for the production,
filling and storage of mustard, lewisite, phosgene, white rhosphorous,
chlorine, incendiary mixtures, hydrazine, and explosive button bombs. Since
1946, parts of the Scuth Plants have been lsased to private companies for
the manufacture of chlordane, DOV, Jdieldrin, aldrin, and other pesticides.
Sheli Chemical Company, which has leased several of the Scguth Plants build-
ings for almost 40 years, has also constructed over 150 bulldings and tanks
in the Suuth Plants area. Additional details regarding the usage and nature
of buildings and other structures in the South Plants area are given In
Appendix A of this Technical Plan.

1.2.2 waste Disposal

Most of the waste products gererated at the South Plants aresa were disposed
o7 in Section 36. Liquid wastes were conveyed by ditches and pipelines to
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. Basin A, and later to Basin F. Potentlally contaminated surface water
ruroff was channeled through drainage ditches toward the Sand Creek lateral
and Upper and Lower Derby Lakes. %5o0lid wastes were generally buried in plts
or trenches in Saction 36, elthough some disposal pits and trenches were
occasionally dug in the South Plants area. A salt storage area and two sani-
tary la~ifills were also located in the South Plants area. Further details
regarding waste-disposal practices in tne area are given in Section 3.3.

1.2.3 Groundwater Conditions

The ground-water conditions in the South Plants area are quite complicated.
The movement of contaminants is affected by the existing ground-water mnund,
interaquifer flow between the alluvium and the Denver Formation, ground-
water and lake interactions, and surface-water grounrd-water interaction.

The major water bearing geologic formeiions in the Scuth Plants area consist

of the alluvium and the Denver Formation. The alluvium consists of clay,
@ silt, sand and gravel. The underlying formation is the Denver Formation,

which consists of carbonaceous shale and clayztone with sandstone and

siltstone lenses.

A water-table mciund, bslieved to have been created by leaking water lines,
has formed below the South Plants area with flow lines radiating out from
the top of the mound in all directiuns. A ground-water divide (or nn-flow
boundary) has been creisted 2t the confluence of the regiocnal flow system and
that of the mound. Ac a result, underflow entering RMA from the southeast
is forced to turn either esst or west around the South Plants area. Water
flowing south from the mounc area is forced to change direction. As the
regional urderviow muves away from the mound, flou is toward the west to
northwest sn? the porthessti.

Vertical {'aw conditions also occur under the Arsenal. The results of
different programs indicate that there Is much interchange of ground water
between tie stringers of denver Sands and the alluvium.
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In addition, many of the analyses of subsurface flulds in the South Plants
arta indicate high concentrations of hydrocarbon products such as henzene.
Pstroleum products, such as benzene, are less dense than and are relatively
immiscible in water (there are also products, such a3 carbon tatrachloride,
that ars mors denss than water and sink to thes bottom of the aquifer). As a
consequence of this, the product itself, oil or its derivative, migrates in
the unsaturated zone, sbove the water table. At the water table, some of
the product does gc into solution, and then migrates with the ground water.

1.3 Suymmary of Techrical Approach

The objectives of the prssent task are to conduct contamination surveys and
remedial sction assessments for the South Plants ares. The contamination
surveys are designed to assess the degree snd types of contamination within
the South Plants area, snd tn support the development and éssessment of
feasidle remedial actions. Although ground water has been determined to be
the princizel environmental pathway for contaminastion from FMA and SCC
facilities, the current study will focus on the sources of contamination at
the South Plants arsa ratner than contamirant pathways. Consequently, the
sctivities to be conducted within the scrre of thls Technical Plan will
primerily consist of the collection of soll semples snd vericus bullding
samples for subsequent chemical analysis. A limited number of new ground
water monitoring wells will alsc be constructed in areas where ground-water
contaminatisn 1s believed to be likely but where previuus investigations my
have bsen inadequate to charscterize local ground-water contamination. Soil
samples will genereslly be collscted from . -.5 unssturated zone axtending from
land surface down t2 the local water table. However, whers contaninalion
sources may lle below the water table (e.g., trenches or burlud pipelines),
soil samples will be collecttd from the satursted zone below the water
tadle. Building samples will be taken from dust during Phase IA and
liguids, tanks, vats, sumps, sewer lines, and uther sources during Phase
I8, Ground-watsr samples will ba collected from thoss new monitoring wells
installed in the South Plants ares during the courss of this activity.

1-4
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Based on the rssults of chemical analyses, the saverity and significance of
contamination will be assessed according to criteria develcped by a separate
Joint group of experts designated by USATHAMA. In a parallel effort, Ebasco
will identify viable remedial action measures and assess their cost-benefit
implications. Based on these considerations, feasible remedial action
alternatives will be determined.

1-3
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2.0 EVALUATION OF BACKGROUND GATA

2.1 Data Compilation

2.1.1 Initial Site Reconnaissencs

Between October 29 and November 2, 1964, several members of the Ebasco team
including representatives from Ebascso, R.L. Stollar snd Assoclates, Garaghty
& Miller, Inc., ard Technos, Inc., visited RMA. The purposes of these visits
were to allow Ebasco project team members to meet with their counterparts
from RMA; to begin to initiate activities required for mobillzation of fleld
sampling teams, dJecontamination facilities, and health and safety activities
at the South Plants area; to begin to coordinate fleld activities betwaen
fbasco and ESE; and to afford Ebasco team members an oveiview of RMA and the
South Plants areas by driving and walking through thoss areas.

On October 29, 1984, members of the project team toursd the western half of
RMA by automobile. The team viewed the Sectlion 36 and Basin A areas from
8th Avenus, the Basin F ares from O street, the north boundary groundwater
treatment system and the northwest bouncdary groundwater treatment system,
the South Plants area, snd Lower Derby Lake. On October 30, 1984, members
of the project tsem toured the South Plants area on foot, generally walking
along areas of paved strests and parking lots, viewing bulldings snd otber
facilities from the extsrior. This tour was conducted by Mr. Kavin Blose of
USATHAMA, On Novembar 1, 1954, a smeller group of Ebasco project team
memders sgain toured the South Plants aresa on fool, this time accompanied by
Cr. william Trautmann of RMA. Again, this tour was generally limited to
viewing the axtsriors of bulldings and other facillities from paved roadways,
walkways, and parking lots.

During the cnurse of meetings at RMA, £basco prolect team members met with
members of the RMA Safety Office, Security 0Ffice, Communications Office,
Escort snd Disposal Detachment, Tachnical Ooerations, snd Installation
Services, including the Facilities Enginsering Division and the Fire
Prevention Branch. Project tsum membars also visited the RMA Information
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Center (RIC}, receiving an orientation into the use of RIC as well as
registration as users of RIC. Ouring the walking tours of the South Plants
arsa, project tsam members, particularily those involved in the development
of this Technicsl Plan, had the opportunity to obssrve the wide variety of
facilities, building meterials, tanks, vats, piping, snd other structures
within the South Plants area, as well as selectad individual contamination
sources within the South Plants srsa (for example, the salt storags arsa and
the lime pond).

2.1.2 Uiteraturs Review

In addition to the site rsconnaissance visit end discussicn with RMA
personnel during the week of October 29-November 2, 1984, the projsct team
has also compiled and reviewed a large numbar of ocvcuments detalling the
buildings and activities within the South Plants ares. A bibliography of
refsrences consulted and cited in this repert is given in Accendix A. In
general, these documents have been reviewed in order to provide us with as
complets as possible a picture of the construction, neture, use, history,
and probable contamination at esach of the dulldings and other structuzes In
the South Plants area. Particular attention has been pald to records of any
spill occurrences within the South Plants arsa as well as records of any
decontamination operations at any of the facilities. For exampls, buildings
used by RMA for manufacturs of chemical warfars sgents were decontaminated
prior to their being leased to Shell Chemical Co. snd other lessses st the
South Plants area. where possible, atismpts were made to detarmine the
details of these and other bullding and facilities decontaminatien
operations.

2.2 Building Profiles -

Morz than 300 buildings, tanks, and foundaions have been jdentified in the
South Plants area. However, for almost half of thess bdulldings and other
structures, use and/or location information is inccrolets. Based upon the
iInformation revieswed to cdate, a historical use profile ¢~ been prepared,
The profile incluces the following kinds of information: bul.ling ldenti-
fication number; descriptive information on type of construction, utilities,
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facilities, and building contents; dullding condilion; current and historical
use; and typa(s) of contamination. These bullding profiles are presentad in
Rppendix B. Included with sach building profile 1s a list of engineering
drawings (such as floor plans, piping diagrams, plumbing plans, etc.) for
that duilding. Coplass of these drawings have been raguested from RMA and are
currently being produced. For buildings under lease to SCC, some original
drawings are in the possession of SCC and have been reguestcd through the
RMA legal advisor. Additional information on bu'iding use, location, and
condition will be obtained during the Phase IA building survey discussed in
Section 3.4.3.

2.3 Specific Contamination Sourges

Within the South Plants area, at least 24 specific sources of known or
suspected soil contamination have been ldentified. These include dralnage
ditches; storags areas; linme pits; sanitary landfills; tank locations; a
burn site containing possible UX0O; a salt storage area; and various pits,
trenches, vasins, lagoons, and disposal areas. In addition, at least 47
recovded spills in the vicinity of 17 buildings and tank areas have been
recorded. These various specific contamination sources are described in
detail in Section 3.3.

2-3
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’ 3.0 FIELD SAMPLING PROGRAM

3.1 Introdyctjon

The purpose of the field sampling program is tc obtain data which wiil
define the axtent of contamination in the South Plants sraa to assist the
Army in preparing remecdial action plans. The program ls comprised of two
ma jor components: a geotechnical and a building sampling program.

The purpose of tho gsctechnical program is to defins the areal and vertical
extent of contamination in the unsaturated zone st historical disposal sites
and spill sites in the South Plants area. This will be accomplished through
s two-phased scil boring program. Phase I will consist of a limited numter
of soil borings to obtain semi-quantitative geuchemical data which will
provide for a prsliminary assessment of the neture cf chemical compounds
present and sxtent of contamination in each arsa. Phese I data will be used
o to modify the boring snd sampling program in Phase II. Phase II will

consist of a more detailed soil sampling program, in which quantitative
analyses will confirm the amount of contaminetion presant. Geophysical
reconnaissance surveys will be performed to eaid in siting specific borehols
locations in arwas whers unexploded ordneancs (UX0) and buried metal objects
mey be present, snd to locate underground utilities. The rationale and
procedurss for thess surveys are discussed in Section 3.2. The rationale
for the soil boring program is discussed in Section 3.3.

The purpose of the building sampling program is to determine whether there
are materisls presant In buildings which may be contributing to the contami-
nation of the surrounding soil and the ground water.

Ths bullding sampling program containe two phases. Phase IA is required by
the health and safety program to protect the sampling tean from exposure to
potential hazards and for reconnaissanca of bulldings. The health and

safety survey will be conducted in each building to detemine tha level of
safety srotection required by sampling personnel and to detormine if gross

1PON € TTLIILAL UL ML
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° contamination is present. Sampling points of potential contamination
sourcss such as drains, pipes, tanks, and vats will also be identified
during this curvey. Detailed sampling of potential sources as well as soil
borings adjacent to disposal systems such as chemical sewers will be
conducted as part of a Phase IB survey subsequent to the health and safety
survey. The health and safety reconnaissance is referred to as Phase IA and 1
the contamination survey as Phase IB. The building sampling program is 1
discussed in Section 3.4.

The fiald sampling program will be second only to the chemical analysis
program in the intensity of day-to-day activities on this project. Further-
mors, the field sempling program is likely to involve a much greater variety
of activities than is the laboratory program. The field sampling program
will be intimately involved with health and safety activities, quality
assurances snd quality control activities, and overall program management.
Consequently, close coordination must be maintained between the fleld
sampling program and these other programs. In addition, since laboratory
o throughput rates may provide s major constraint on the scheduling of fleld
activities, it will be necessary that the fileld sampling program be
developed with a thorough awareness of scheduling constraints likely to be
imposed by laborstory sctivities. |

3.1.1 Support Fecilities

During the mobllization meetings at RMA held the week of October 29-November
2, 1984, the reed for FMA support facllities was Identified, and initial
discussinns wers held with RMA Installation Services parsonnel regarding the
location and sstablishment of appropriste facilitles. The support facilities
discussed included the zvailability of warehouse space, the avalladility of
office space, provision of utilities (electric power, potable water, and
sewer facilities) at warshouse and office facilities, and RMA's identifica-
tion of & preferred location for dacontamination facilities.

During subsequent meetings involving Ebasco, ESE, and RMA Facilities
Engineering personnel, sreas for location of steam cleaning operatione and
support trailers were agreed upon. The steam cleaning area will be located
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o along the southern boundary of Section 36, just north of December 7th
Avenue, approximately 3,500 feet east of the Intersection with D Street
(Figure 3.1-1). The support trailer area will be locatad along the northern
boundary of Section 1, spproximately 2,500 feet east of the Intersection
with D Street, north of Building 731 (Figuze 3.1-1). RMA Facllities
Engineering, with the support of Stearns-Roger, has begun to implement
provision of hookups for electricity, potable water, and sanitary sewer
facilitias for the Ebasco office traller and ESE support facilities, as well
as slactricity and water supplies for the steam cleaning area. Ebasco and
ESE will establish adjacent hut separate steam cleaning areas to prevent
cross-contamination. Common windbreak facilities will also be used.

. The Ebasco steam-clezning arsa will be lined and sloped to a sump, from
which contaminated water will be pumped Into appropriats storage containers.
At the direction of USATHAMA, it is currently planned to store the
contaminated-water containers at the steam-cleaning sits. Decontamination
facllitiss are described further in the Health and Safety Plan, Section IV
o of the Task 2 Litigation Technical Support and Services Rocky Mountain
Arsenal Procedures Manual (Task 2 RMA Procedurss Manual).

In addition to the shared steem-clearing site and the office traller, Ebasco
will also utilize moblle command post and decontamination trailers which can
be moved from site to site within the South Plants area. Because of (ne
unique naturs of the bullding sampling activitiss, and the possibility that
Ltevel A or B personnel protecticn may occasionally be required, it is
necessary that perscnnel decontamination faclliities be located very near
individual buildings to be investigated. The mobile trailers will be
self-contained, 1including chemical tollets, heaters, and portabla
generators, so that RMA utllity hook-ups will not be required. Water
supplies will be brought by tank truck from the overhead filling spout
located at the Fire Staticn. Personnel decontamination actlvities ere
describad further in the Health and Safety Plan, Section IV of the

Task 2 RMA Procedures Manual.

Heated and lighted warehouse space has been provided by RMA for the use of
both Ehasco and ESE. The eastern half of Bullding 723 (sees Figure 3.1-1)
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0 has been mads available for this purpose. Building 728 has been divided in
two by a firewall, and RMA has further subdivided the eastern half of the
building into thr2e approximately equal areas by chain link fence. The
central arxa is being used by RMA for miscellaneous equipment storage. The
two outer areas will be used by Ebasco and ESE. Each subcontractor space
can be accessed through separate 12-foot doors from separate loading docks
on the north side of Building 728.

3.1.2 Support Activities
3.1.2.1 Topographic Surveys

Each soil boring and monitoring well will be surveyed to sstablish its eleva-
tion ancd map coordinates with respect to an asppropriate estanlished grid.
Since most of the axisting wells at the arsenal have been located on the
Colorado Staty Plane Coordinats System, this will be the preferrsd grid to te
used for orienting the new survey well and boring locations. All elevations

o will be surveyed to the nsarest 0.1 foot (3 centimetars), snd horizontal
locations to the nearest 3 feet (1 mter),‘ consistent with USATHAMA
Tsquirecents.

3.1.2.2 Decontamination of Equipment ond Materials

Decontamination of equipment and materials will be important for both health
and safety requiresments as well as quality control requirements. Contami-
nated equipment, such as baring rigs and auger flytes, will have to be
maintained and decontaminated so as to preclude spreading contamination to
praviously uncontaminated areas. Furthermors, materials and equipment will
have to be decontaminated in between borings so as to avoid cross-
contamination from one site to another and thus lavalideting the results of

the sampling program.

Some decontamination activities will take place at the boring and/or building
sampling locations. These activities will utilize the mubile decontamination
facilities discussed in Section 3.1.1 and In the Health and Safety Plan,
Section IV of the Task 2 RMA Procadurss Manusl. Major decontaminaticn of
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. O squipment,, particularly larger pieces of equipmant, will take place at the
‘ stasam-cleoaning arsa as discussed in Section 3.1.1.

3.1.2.% waste Disposal

At the direction of USATHAMA, all contaminated wastss, including liquids,
soils, and other sclid wastes, will be containerized and stored on site at
the individual locations where the wastes were gensrated. The following
items will be handled as contaminated wastes unless they are sampled and
confirmed to be free of any contamination:

liquid wastes generated during decontamination operations
disposables sampling gear

water generated during well development and groundwatsr sampling
liquids gsnerated at the steam cleaning pit

excess soils generated during drilling

all wastss generated in sampling and decontamination ereas

0 0o o 0o 0 o

Non-contaminated wastes will ba directed to the sanitary sewer system or
sppropriate trash disposal facilities. Portable or chemical toilet wastes
will be disposed of according to normal protocols.

3.2 Geophysical Program

3.2.1 Geophysical Reconnaissance Surveys

3.2.1.1 Preliminary Test Activities

Task 1 actlivities in Section 36 and Task 2 activities in the South Plants
area will both requlre geophysical surveys. In order to coordinate the
efforts of both nf the team members who will be performing geophysical
surveys, A test program has been conducted.

Rationaie

Geophysical methods will be employed at RMA during this investigation in an
attempt to achieve three objectives. Thesa objectives ars: 1) uxo
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detection at selected sites, 2) location of buried metal objects at locations
designated for borehole construction, and 3) location of buried utilities.
The ability of geophysical metliods tn accomplish these objectives will
depend on site specific scils conditions and the complexity of past disposal
practices. The geophysical test program was conducted to evaluate various
geophysical methods with respect to their usefulness at RMA sites.

Ires

The geophysical test program was conducted at RMA from November 12 to 14,
1984. The test program consisted of surveys at known and unknown areas.
The known areas consisted of material burled during 'his test as either
discrete items in pits or bulk burial in trenches. The unknown site was an
area where material was known to have been buried in the past, but the
specific nature of the burial and the quantity of material was unknown.
Test area locations were chosen in part on the basis of soil composition tn
evaluate the sffect of the soll clay content on the technigues.

Test Area 1 was located 1n Section 36 in an open field southwest of the
intersection of 8th Avenue and E Street. Soils at this locati-a are
classified as a Platner Series clay loam. Test Area 2 was situated in the
southeast corner of Section 26 in an open field northwast of the intersection
of 8th Avenue and D Strest. Soils at this location are Ascalon Series sandy
loams. Both Test Areas 1 an¢ 2 were used as known sites with material buried
in trenches or pits constructed for this test program. Test Area 3, the
unknown sits, was In the southwest quarter of the northeast quarter of
Section 36. The soil at this location would be predominantly classified as
Platner Serias clay loem.

Two trenches were dug in each of Test Areas 1 and 2 (for a total & trenches),
and various metallic objects wers buried both vertically and horizontally at
measured depths. Test Area 2 also had seven separate pits dug for grenade
and artillery shell burial. A series of wooden stakes marked the location
of each pit after burisl. A set of grid lines was established approximately
five feet apart and oriented both north-south and east-west over each trench.
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’ Two trenches were constructed at Test Area 1. Trench 1 was 60 feet long and
S feet deep. Representative samples of ordnance were placed in the pottom
of the trench and their position and depth were recorded. Ordnance included
a white phosphorus grenade, bomb bursters, 105 mm shell, aluminum rocket
casing, 155 mm shell, rocket motor housing, and a 55 gallon drum. All
ordnance samples were laid flat in the first 30 feet of the trench and
duplicate ordnance were orimnted vertically in the remaining 30 feet of the
trench., Trench 2 was 20 feet long, 4 feet wide, and continuously varied in
depth from 2 to 10 feet. Four 155 mm shells were placed at depths of 2, 4,
7.3 and 10 feet. Target slzes were kept constant to examine penetrations of
geophysical methods.

Two trenches were also dug at Test Area 2 and the same suite of objects were
buried in the same order as at Test Area 1. In addition, seven test pits
were constructed primarily to determine size and depth detection limits for
the three magnetometers (fluxgate gradiomster, fluxgate magnetometer, proton
magnetometer). Three of saven test pits contalined grenades burjed 2.5, 5.0,

0 and 7.5 feet deep; four of the pits contained 155 mm shells buried at 2.5,
5.0, 7.5 and 10 feet.

Technicuyes

A magnetometer measures the intensity of the earth's magnetic field. The
Technos magnetometer is a gradiometer consisting of a nulled pair of
magnetometers which detect changes in a null fieid. The changes in the null
field ars caused by small quantities of ferrous metal which can be UXO's
(grenade, artillery shell, etc.). Magnetic response is proportional to the
mass of the ferrous target and inversely proportional tc the cube of the
distance to the target.

The advantage of a gradiometer over a total field magnatometer is that
correction for diurnal variations in the earth's field are not necessary
(hence no base station is required). Another advantage 1s that surveys can
be made in close proximity to fences, pipelines and buildings without

@ impairing the detection capabilities. Finally, the data output from the
gradiometer system can be continuously racorded, resulting in high
resolution (more complete coverage) and rapid survey time.
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Because non-farrous metal in the form of aluminum rocket bodies and pot
metal cannister UXD's was expected to be present, a metal deteclor was also
tested. The metal detection response is proportional to the surface area of
the metal targst and invarsely proportional to the distance from the target
to the 6th power. Because of this, the detection capability of the metal
detector i3 limited to shallower targets than the magnetometer.

The fluxgate gradiometer magnetometer with a sensitivity of one garma per
foot was coupled to a continuous strip chart recorder, was calibrated, and
then run along the established grid lines to test its ability to define the
outlines of the trench or pit as well as the relative gquantity of buried
material. The magnetomster was held at different fixed distances above the
ground surface during subsequent runs to tast the squipments' sensitivity to
the targets. Continuous messurements wers macde along the grid alignment,
snd the burial locations (stakes) or grid intersections wers marked on the
chart paper. This continuous coverage is much more suitable for high
resolution requirements, snd the mapping of extensive areas in which complex
snomalies are expected. In the area of the separste burial pits, magneto-
metur runs were mede over and to sither side of the alignment of the pits.
Once the magnetometsr sur-ey was completed, the Technos pulse induction metal
detector was calibrsted, coupled to the chart recorder snd run directly over
the alignment of the trench or pits to judge its capadilitiss.

Resyults

regnstometsr Survey. The results of the megnetomatar survey indicate that
the fluxgate gradiometer megnetometar is cspable of detecting a smell hand
grenade at a depth of 2.5 feal and a 155m artillery shall st s depth cf
five feet,

The magnetometer rasponded to the two 55-gallon drums in Test Area 1 -
Trench 1, dburied 4.5 feet (lying flat) and 2.7 fael (upright). Because the
responsg from the drums is so strong end is detected from a distance as fnrl
as five fant from the drums, any possihie rasponss from the other ferrcus
ob jects has been masked.
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The magnetometer is alsoc capabie of detecting discrete, buried 155 mm
artiilery shells as deep as four feet below surface at a horizontal distance
from the shell of approximately three feet. The magnetometer may have
received signals from the shell in Test Arza 2 - Trench 2 burled 5.3 feeot
below the land surface, but it is possible that its response is masked by
the other signals.

At Test Arsa 3 (the "unknown™ area), a surface-sxposed steel barrel
transmitted a strong response to the nmagnetometer during the survey run as
would be expected. However, the magnetometer response also indicated that a
significant amount of material is buried in this trench. Also, very little
material appears to be within the adjiacent berm.

At Test Area 2, identically sized UX0 (15% mm shells) were burisd at various
depths in several burial pits. The Technos magnetomater was capables of
locating an artillery shell at a depth of five feeat. Harding Lawson
Assoclates' (HLA) fluxgate magnetometers and proton magnetomefers wers able
to detect only the 155 mm shell buried at 2.5 feet. The effects of the
shell buried at 2.5 feet can be seen within 15 feet of the object.

14 n vey., The Technos pulse induction metal detection survey
detectsd buried UXO as large as 38 155mm artillery shell at a depth of five
feet and as small as a hand grenade at a depth of 2.5 feet when passing
directly over sach.

The matal detactor run over Test Area 2 - Trench 2 could not distinguish
discrate buried UXD, but rather pegged offscals for the majurity of the
tranch length. Onscale readings in the metal detection profile were caused
Uy weaker signals from the smaller UXO. A profile of Test Arsa 2 - Trench 2
showod that the metal detector pegged offscale over the shallow end of the
trench but came back onscale for targets buried deeper than a 155 mm shell
at 5.0 feet.

At the ssven burial pits at Test Arsa 2, the metal detsctor could only

distinguish a grenade burled at 2.3 feet and a 155 mm artillery shell buried
at 2.3 and five fest.

3-9




IMON £ JTELINYILAL FLAN

Revision 1 - 8/85

In summary, the metal detector had relatively shallow depth-sensing
capability. Its output is usually qualitative and, therefore, has limited
capability to evaluate the size and depth of targets. However, the metal
detector coes provide reasonably good'spatisl resolution to plinpoint the
location of a target.

Ground Penetrating Radar (GPR}. Test GPR traverses were run by HLA with 80,
120, 500 and 9300 MHZ antennas. The only distinguishable target at Test

Area 1 was a 55 gallon drum in Trench 1. The drum was distinguishable only
because its location was known. The GPR records showed a maximum penstration
of about 3 feet with low frequency antennas (80 and 120 MHZ) and nc more than
one-fool with higher frequancy antennas (500 and 900 MHZ). Unfortunately,
inythinq shallower than 3 feet could not be resoclved with the low frequency
antannas because weak reflection is masked by the wide transmit pulse. Low
frequency antennas are used for decper penetration and they sacrifice near
surface data to achieve it. It was not possible to identify trench
boundariss with any degree of certalnty with either the low or high fraquency
antenras.

At Test Arsa 2, a saries of lraverses snowsd that the GPR could pick up
anomalies to a depth of 5 feet. As at Test Area 1, signatures wers pcor.
Tzench houndarles were poorly defined with GPR,

GPR pruved insffective at a known burial site whare a drum is exposed at the
surtace (Test Area 3).

garth Resistivity Method--Vertical Electirical Scunoings (VES) sand
Electromagnetic (EM) Soundings. Both YES and EM soundings conductad by HLA
at Test Area 1 showed why ths GPR results wers so i{iconclusive. The vES

solution showed the ground resistivities to be relatively low at the site,
becausa of high clay content in these soils. A thin surface veneer of 20
ohm-metear ratarial overiies B0 otm-meter soll that extends ta below the

maximum radar penetration depth. Expsrience has shown that GPR penetration
is generally poor when ground resistivity is less than sbout 100 ohm-meters.

Geopghysicists from Technos measurad terraln conductivitiss of 25-30 millimhos
per meter at Test Area 1 for the upper 7 meters of soils with an EM-31
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terrain conductivity meter. Thelr experience indicated poor radar
penetration 1is achleved when conductivities are greater than the 10
millimhos per meter (equal to 10N ohm-meter resistivity). The results of
the VES and EM measurements showed that the soil at Test Area 1 is too
conductive to perform successful GPR exploration.

YES and EM soundings suggested that Test Area 2 was slightly better for
GPR. Soll resistivities ranged between 61 ohm-meters in the upper foot of
soil to 118 ohm-meters from there down to 10 feet. EM soundings showed
solls conductivities ranged between 23 and 63 millimhos per meter.

Conclysions

Efficient UX0O detection depends on the ability to conduct searches in a
reasonable time that ares cost effective in all areas of the sits. The
Technos fluxgate gradiometer magnetometer and the metal detector coupled to
a continuous strip chart recorder showed the most promise in locating buried
UX0 at the RMA sits. Data sugges: that the more sensitivs magnetomever and
gradiometer systems will detect large projectiles at much greater ranges
than will metal Jdetectors. Howsver, the matal detsctcr shows excellent
parformance for reer-surface detaction.

The practical detection capabilities for the continuously recorded
gradiometer and metal detmctor systems testad at the RMA are 2.3 feet deep
for a single, small hand grenade and flve feet deep for a single, 155mm
artillery shall. This practical detection limit is a function of the
sen3itivity of the instruments coupled with the continuous data output. If
sither system were used in a station measursment mode (i.s., non-continuous
data), the practic-l detection capabilities for the same instrument would be
reduced by helf the depth, or more, depending upon the staticn spacinrgs.

It appears that GPR will not be an effective gaopnysicsl method for clearing
borings at RMA. Mac¢netometers can locale buried ferrous debris down to a
depth of about 5 fect. The fluxgate gradiometer delected mmtal cdebris to a
greatar depth than elther the fluxgate magnetometer or proton magnetometer.
In addition, its strip chart recorded rasdout pives a continucus racord
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along a traverse line rather than the discrete measurements at 5 feet
intervals with HLA's fluxgate and proton magnetometers.

3.2.1.2 Confirmation of Buried Utilities

Ratjonsle

Buried pipelines are known to exist at various locations within the South
Plants area. Removal of contaminated piping requires that its location be
soecified using remote sensing techniques. In some instances, pipes-may
have lesaked resulting ln areas of contamination in the vicinity of the
pipelines. Detaction of these concductive contaminants may alsoc be made
using gaophysical methods.

The rationale for technique selecticn is based upon the possibls metallic
nature of the piping and the conductivity of the spill material. Metal pipes
can be detected by a fluxgate gradiometer (magnetometer) or a metal detector.
The gradiomster can be used in close proximity to bulldings and other
metallic materials. However, available information indicates that much of
the underground piping (chemical, sanitary and storm sewers) consists of
vitrified clay, rather than metal. Thus, this technigue may be of limited
usefulness.

Conductive material which has leaked from the buried pipes may result in

increased conductivity of the subsurface materials and this can be detected
using an EM device. However, EM measurements will be adversely affected by
nearby metal objects (such as bulldings) and power lines. Therafore, the
vse of the method will be evaluated on a case by case basis.

Procsdures

The procedures will vary with the purpose of the technique and the technique
itsalf. The detaction of undearground metallic pipes will be accomplished

uysing a fluxgate gradiometer and the contaminated subsurface around leaxing
pipes will be identified using an EM-31.
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’ Fluxgate gradiometry surveys are performed by sweeping an area with the [
device. Indicatlions of buriec pipes are marked by flags or paint and the
trace of the pipe 1s developed by moving laterally away from the 1nitial
detection site. In order to focus the efforts, as-built drawings are
consulted to determine the suspected location of pipes. The surveys consist
of determining the general location of the pipes based on the as-built
facility drawings and then employing the geophysical methods to lccate the
pipes in the field.

Once the location of piping has been developed from record searches and the
fluxgate gradiomete:r work and the alignments marked In an area, EM-31
measurements may be made to check for contaminated soil along the pipeline
route. Continuous measurements are made along either or both sides of the
alignment and anomalies marked. These zones of contaminated soils will be
identified to the soll sampling team for further investigation. In some
areas, buildings, power lines or other cultural features prevent the usage
of the EM technique and only the gradiometry will be possible.

3.2.1.3 Survey of UXQ and Other Buried Ob jects

Ratjionale

At least one area of UXO has been identified In the Scuth Plants area and
others may exist but have not been identified. The known site of UXO's
should be defined in areal extent, and targets ldentifled in order to
facilitate subsequent removal. Any as yet unspecified UXD areas are
potential hazards to the soll boring crews. As a result, soil boring sites
should be cleared uysing remote sensing mathods.

Similar techniques will be applied to specific contaminant sources in the
South Plants arsa where buried metallic objects are suspected to possibly
occur. Such sources include landfills, trenches, and pits whosa detailed
history is not known. Areas subject to these geophysical surveys, which are
discussed in more detail In Section 3.3, include the following:
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Site 2-14 Sanitary Landfills, north and south
Site 2-2 Burn Site

Site 1-11 Sanitary Landfill ,
Site 2-5 Trench -
Site 2-13 Open Storage Area )

The selection of geophysical techniques is based on the nature of the UX0 or
other buried metallic material. Previous experience and the geophysical
test program indicate that unexploded projectiles can be identified by
magnetometry and metal detsction technigques. The latter is most effective
when the ordnance consists of nonferrous shells. We also understand that
rocket casings and aluminum rocket warheads may be present.

The methodology used to detect buried metaliic material 1is based on the
sensitivity of a fluxgate gradiometer magnetometer and a sophist!cated metal
detector. The gradiometer consists of a nulled pair of magnetometers which
detect changes in the null field caused by small quantities of ferrous
e metal. Existing information indicates that the UXO material may exist at
deptns ranging from near the surface to as deep as 10 to 15 feat. This type
of system is sansitive enough to detect ordnance at the anticipated depths.
In some cases, the metal may be non-ferrous and it will be necessary to
search for the UXD using a metal detector which can detect both ferrous and
non-ferrous material. Because the nature of the material will not be known
beforehand, both gradiometry and metal detectlion will be required.

Procedure

For the technigues which may be used to detect UXO's, only one procedure is
required. The gradiometry and metal detection surveys will be done by
establishing a series of grid linss, north-south in orientation, and
approximataly three feet apart. The gradiometer will be passed along each
grid line and moved from side to side in order to swesp the area between
adjacent grid lines. Targets identifisd will be flagged. The metal detector
will be moved along the grid line in the same manner and targets confirmed,
@ ' or new targets defined.
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3.2.1.4 Borehole Surveys

Borehole geophysical surveys can provide information to supplement soil
sampling, geologic logging, and groundwater sampling data. Current
instructions from USATHAMA indicate that borehole geophysical logging will
not be required unless a well is greater than 50 feet deep, penetrates
different geological material, or penetrates into the Denver Formation.
This last condition 1s likely to be met for several of the proposed new
wells in the South Plants area.

Each of the monitor wells satisfying the above conditions will be logged
from a geological standpoint and geophysical logging will alsc be done in
order to provide as much information as possible regarding the boring. The
suite of logs is restri:ted because of the drilling methods used (no
drilling fluids) and the use of PYC casing. The geophysical logs proposed
under these conditions are natural gamma and neutron logs. The natural
gamma technique will be sensitive to the changes in the clay content of the
subsurface soils. Those sections containing higher amcunts of clay will
produce a greater response in the gamma tcol sensor. The neutrun log is
designed to measure the changes in hydrogen ion corcentration within the
near vicinity of the boring. The concentration can be correlated to the
density of the soil and its water content once the effects of the hydrogen
concentration id the PVC pipe are removed. At the completion of the
analyses of Phase 1 data, the geophysical logging program will be
re-evaluated.

3.3 Soil Boring Program
3.3.1 Program Objectives

The objective of the soll boring program is to define the type and spatial

(lateral and vertical) extent of contamination at historical dispasal and

spill sites. The Phase I study is sn effort to determine whether the sites
are contaminated and to determine what chemicals are at these sites through
the screening of pollutants with a limited number of borings. At most sites
the disposal cr spill history 1s unknown or incomplete. Phase II is
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designed to more accurately define the geometry of contamination at the
sites. In general, Phase II will have a greater number of borings than
Phase 1 at each site which is shown to be contaminated in Phase I, and the
chemical analyses performed on Phase II samples will be oriented toward
those pollutants found in Phase I. The exact structure of the Phase II soil
sampling program will be determined from the results of the Phase I.

The areas to be investigated as potential contamination sources are shown in
Figure 3.3-1. These areas were identified from historical data and were
classified by USATHAMA and DO'Appolonia in a 1984 report es ‘potentially
contaminated' sites and 'balance of the sites investigated®.

Priorities for each site were established based on the expectation of
encountering contamination as recordad in the literature. High priority
sites are those which have an astablished record of contamination of ground
water beneath or near the site and which have few records concerning soil
contamination. Low priority sites have no records of either sol. or ground
water contamination, due to lack of study, but have been considered
potentially contaminated based on records of spills and/or waste disposal at
the site. Uncontaminated sites are thoses that may possibly be contaminated
due to thelr physical nature but at which ‘preuminary investigation revealed
no reason to suspect contamination.

USATHAMA has requested a general uniformity of approach between the soil
boring activities of Ebasco in the South Plants area and those of ESE in
Section 36. To thls end, members of the Ebasco and ESE teams, and of
USATHAMA conferred to develop a common strategy to determine boring
densitias and vertical sampling intervals In Phases I ard II of the
program., These criteria were established prior to a thorough physical
recornaissance of the sites and are based exclusively on the literature and
professional Jjudgment. As the soil boring program progresses and additional
information i{s determined, modifications to the program may be made by
Ebasco in writing to achieve the statad objectives.

The general approach to the soil boring program and the methed to determine
boring density was developed jointly by USATHAMA, Ebasco and ESE and is fully
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Q described later in this section. The boring density method is based on

' estimated areal extent of contamination, suspected compounds and historical
disposal practices. By integrating these data with prinr experience at RMA
and best professional Jjudgment, Flgure 3.3-2 was developed. This curve
Teprasents selected boring spacing for the total (Phases 1 and II) program
as a function of the aresal extant and priority of contaminated sources.
This total number of borings per site was distributed into Phases I and II
by a ratic that varies according to the priority of the site. The priority
of the site was determined from the available data. The vertical soil
sampling interval and the sampling technigue ware developed for both the
South Plants and Section 36 areas during meetings involving the different
contractors and USATHAMA, These criteria have been applied to the South
Plants sites in a strict manner. Some modifications will have been made to
account for actual or unexpected conditions as in many cases the actual
field conditions are unknown. The chemical analyses for the Phase I soil
samples requested by USATHAMA are semi-quantitative analyses of volatile
organics and semivolatile organics and quantitative analyses of O0BCP,

e metals, and mercury. Upon examination of t“e chamical data generated from
the Phase I solls, more specific constituents for Phase I1 sample analyses
will be determinerd.

As mentioned above, the total (Phase I and II) boring density at each site

was cetermined from the area of the site utilizirg the curve shown in Figure

3.3-2. The area of each site was determined by using a 1983 aerial

photograph. The curve in Figure 3.3-2, which relates the boring spacing in g
feet to the area of the site in square feet, was developed empirically by

members of “he Ebasco and ESE teams. Modificatlons to the boring spacing at

each site, as found by the curve, were made based on the priority of the 13 '
site. For high priority sites, the curve was used without modification. :
For low priority sites, the resulting boring spacing was multiplied by a

factor of 1.25. For uncontaminated sites, the resulting boring spacing was £
multiplied by a factor of 1.5. The borirg density was divided into the E *
total area of tha site to obtain the total number of borings at the site. A "
grid for each boring spacing was mado and placed over the sits maps to

roughly locate the borings.
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° The relative numbers of borings in Phases I and II were determined according
to an empirical scheme designed by USATHAMA, the expert witnesses, and
Ebasco and ESE that is based on the site priority. At high priority sites
with areas of less than 1,000,00C square feet, Phase I will contain 30% of
the borings arnd Phase II, 70%. At high priority sites with sn area greater
than 1,000,000 square feet, Phase I will contain 25% and Phase II will
contaln 75%. At low priority sites the Phase I torings will be 30% of the
total and Phase II, 70%. At uncontaminated sites, Phase I borings will be
30% of the total and there are o Phase II borings currently planned. The
locations of the Phace I borings are indicated on the individual site maps
in Section 3.3.3. These locatlons were chosen to be evenly distributed
across the sites. The majority of the Phase I borings will be located in
portions of the site where contamination appears most likely upon review of
the site history. Also, a few of the Phasa I borings will be located near
the site boundaries.

! The vertical soil sampling interval was established by USATHAMA and the
. expert witnesses. These intervals are indicated in Table 3.3-1. The depths
of the borings in each phase were also established by USATHAMA. In high and
low priority sites, 20% of the borings will be constructed to the water
table. The remaining 80% of the Phase I boring will be constructed to
shallower depths within the unsaturated zone. For example, 20% will be
constructed to 5 feet above the water table, 20% will be constructed to 10
feet above the water table, 20% will be constructed to 15 feet abave the
water table and 20% will be constructed to 20 feet zbove the water table.

TABLE 3.2-1

; ‘ Soll Sampling Intervals (feet)

0.0 - 1.0

4.0 - 5.0

9.0 - 10.0 :

14.0 - 15.0 ;
19.0 - 20.0

24.0 - 25.0

3-18




TASK 2 TECHNICAL PLAN
Revision 1 - 8/85

In the uncontaminated sites, 30% of the Phase I borings will be constructed
to the water table and the remaining borings will be distributed in the same
general order. The sits maps in section 3.3.3 also indicate the depths to
which the borsholes will be drilled. Borlings that extend to the water table
have been located In the portions of the site that are expected to be
contaminated and the progressively shallower borings are in the less

~ contaminated areas. where there is no accurate information as to the
contaminated portion of the site, the deeper borings are placed evenly
across the site as are the progressively shallower borings. The depths of
thesc Phase I borings are shown on the site maps later in this section. The
Phase II boring locations are also shown on the site maps but the projected
depths of the borings will be determined from the Phase I results. For
planning purposes, 25% of the Phase II borings will go to the water table
and the remaining 75% will be distributed evenly to ilncreasingly shallower 5
foot intervals above the water table.

All {est borings will be constructed and sampled using a continuous core
sugering technique. The entire length of the boring wiil be examined and
the locations of contacts will be more precissly determined by using this
technique. Flve-foot length cores within clear plastic (polybutyrate)
liners will be obtained. Although specific sampling intervals have been
prsdetermined by USATHAMA and the expert uit}nesses, the method of obtaining
soil core in clear polybutyrate tubes will allow the field geologist to
select samples from horizons of visually observable contamination. These
samples will be sent to the laboratory for chemical analysis in addition to
those from the predstermined sempling intervals. Using an OVA or HNU
instrument, field measurements of volatile organics will be used to assess
the presence of contamination during coring and in the non-sample portions
of the cores.

A detalled description of the coring an. sample handling procedure can be
found in Sections I and II of the Task 2 RMA Procedures Manual.

As soon az tha samples for chemical analysis are cbtalned, the cores will bte
resealed and stored. Thersfore, the cores will be available if ariditional
cora interpretation is deemed necessary. However, it may rot be possible to
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send additional samples to the laboratory for chemical analyses if sarple
holding times are exceeded.

3.3.2 Phase I Program

The objective of the Phase I soll boring program is to determine if
contanination is present in the soll at historical waste disposul sites and
reported spill sites through the screening of pollutants. Phase I chemical
analyses include screening techniquss for volatile and semivolatile organics
and quantitative analyses for arsenic, mercury, metals, dibromochiorcpropane
(see Table 4.2).

The purpose for drilling these borings is threefold:

1) to determine the exact depth of the water table in order to plan the
depths of the remsining site borings;

2) to obtain at lsast one soil sample directly at the water table;
5) to obtain chemical, geologic end hydrologic control at a site.

The depth of Phase I borings have been predeiermined dDased on an assumed
water-table depth and are shown on meps liater in this section. If the
assu.ad water-table is very different from tho messured depth, the depths of
the remainder of the Phase [ borings will be estimated. Tha purpose of
these shallower borings is to develop lateral control scross s site.

This sampling rationale will ba followed in Nigh, low and uncontaminated

sreas. At soma sitss, such as landfills, surficial soil samplss may not ba
relisble indicators of contamination. Ta decrsese the number of samples

analyzed at these sites, no soll samples will be taken In the 2er0 to one
foot sampling intarval,

The depths of the scil dorings will range from 5 to 235 feet depending on the
astimated depth to water., Preliminsry estimatss of water-table depihs have
macde for sach site, using the most recent South Plants water-level data
obtained from the Rocky Mountain Arsenal Information Center (RIC) library.
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These estimates were used to develop the cost estimates for the soll boring
prog:am,

3.3.3 Site Descriptions and Locations of Soil Borings

The nineteen sites that will be investigated in this soll sampling programs
ars irdividually dsscribed in thils cection. tach potentially contaminated
site (high or low priority) was ldentified by USATHASA as being operated by
sither Shell or the Army. There ares five Shell ooerated sites, ‘wa Army
operated sites and three Jjoint Shell/Army sites. The remaining nine sites
are considered uncontaminated and nc responsiule party was assigned. The
site summaries presented here repasent the sum of the information on thesc
sites found in the literature. The accompanyinyg figures are preliminary
sketches of the sites for use in preparing thi, plan. The first step in the
Phase I soil boring program s a thorough physical reconnalssance of sach
sits and an upcate of thess maps. Some plunned boreholes may be difficult
to drill due to physical conditions and will be relocated during the flelc
reconnaissance., Other borsholes may prove to ba wvery nsar the existirg
borsholes that may have been Iincnrrectly located end will reed to be
shifted. Powsr lines, cement slabs, discoversd UXO's, topography esnd
underground utilities will be rsasons for relscating the borehcles that are
currenily unknown. Thae nineteen sites to bs investigatsd are listed and
discussed in the order: Shell only, Joint Shsll ard Army, Army only, and
Unassigned.

SHELL OPERATED SITES

e e

Site ”I;F“'ﬁivage Yard \

A salvage yard, consisting of approximataly 299,000 ftz. is located south
of the old lime pits (S5its 1-35) and east of the Scuth Tanks Farm. Liquid
wastes and products ware storsd in the western ssction of this yard. In

1971, leakage was observed from some of the crums, and these wers removed.
Possible contaminants include both organic and lnorganic compounds. The

ground water is at a depth of approximatsly 14 fee’ at this location. fhis
is a high priority ssmpling site, and a boring density of 1/8,100 ftz was
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usad. Boring locations for Site 1-8 are shown on Figure 3.3-3. A total of
11 borings will be drilled in Phase I as follows:

Number of Total Depth Number of
SBorings —{rt) Samples
2 15 8
2 10 6
7 5 14
Totals: 11 28

Site 1-10 South Tank Farm Storages Area

The South Tank Farm Storage Area has an area of approximately 600,000 ftz,
and the ares not currently occupled by tanks 1s epproximately 442.500 ft2.
Tanks 462A and B8 were used for the storage of fuel oll, and Tanks 463A-H
wers Used to store sthyl alcchol from December 1942 through May 1543. Tank
cars of fuel oil and ethyl alcohol wera unloaded through a nearby pumphouse,
Building 461. Tank 4628 was remcved, and relocated to Site 321F, prior to
1982. Tanks 4630 and E have also been removed. In 1948, a 100,000 gallon,
benzene spill occurred in this ares. A 1,348 gallon OCPD/No. m_L,QLL
spil1) was Teported to have occurred in ‘this area on August 8, 1976; and &
/50,864 gallon BCH splll was reportsd in September 1978. This area has a
high sampling priority. The water table is at a depth of approximately 15
fest. The boring density is 1/1n,000 ft2,  Figure 3.3-4 shows the bering
locations for Site 1-10. Thirteen borings will be drilled in Phase I as
follows:

Number of Total Cepth Number of
Borings S A 5 I Samples
3 13 12
3 10 9
7 S 14
Totals: 13 35
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Sits 1-13 South Plants Spill Sites Section 1

Numerous spills and laaks have occurred in the South Plants area and many
have been documented in the literature. An initial literature review
Indicatad 50 spill sites that were investigated further due to the size and
type of the spill. Since March, 1985 additional spill information has been
received. This included Shell responses to Interrogatories 18-20. af the
Army's first set of interrogatories, and a latter from Shell dated May 1,
1985 that provided a better definition of soms of the sites. All of the
sites reviewed are briefly described in this section. The number of borings
has been estimated for each site based on the apparent accuracy of the spill
location from literature and a recent field check. If the spill lacation is
not definite, then three borings with the prescribed sampling interval have
been planned. With two exceptions, no more than three borings are used to
locate a spill due to cost constraints.

The following is a brief description, by area, of the investigated spills
in Section 1. Approximate locations of the splll sites are shown on
Figure 3.3-5.

A. Building 413

)
An estimated 16,000 gallons of aldrin-benzene (60% w) leaked from
an overhead pipeline during an unfreezing operation on a water
line in 1952. Cleanup consistad of removal of the sollidified
aldrin. Shell Indicated the remains of the pipeline supports west
of the building. Two boreholes are planned under the pipeline and
in a nearby drainage.

8. Bullding 422

1. Between 1951 and 1953 an estimated 1500 gallons of
aldrin-benzene (60% w) was spilled in the tank area northwest
of Buildinyg 422. The tank area ls now underneath the
northwest wing of the building. Two boreholes, one north of
the wing and one south, are to be drilled,

2. In 1951 an explosicn of an aldrin reactor (R-19) with a
capacity of 10,500 gallons occured in the eastern side of
Bullding 422. Shell Indicatad that a basement sump collacted
the resulting aldrin-benzene, BCH and HCCPD mixture and pumped
it to thes waste Jditch east of the buildings. The building was

v N
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washed down and Shell reports the contaminated soil was
removed. Two boreholes are located in the ditch.

3. A sewer line reportedly leaked near this bullding between 1950
and 1974. No cleanup is recorded. A contaminated waste line
runs north-south east of Building 422. The sewers will not be
examined in this task. The interrogatory responses and the
May 1, 1985 letter Indicate this 1s a spill related to the
Bullding 422 sump pumping to the ditch examined in the 1951
explosion, B2. .

4. A spent aclid line leak west of Building 422 is recorded in
1973 as spilling 100 gallons. The line parallels a north-
south sanitary sewer. Three boreholes will be drilled between
the line and the sewer.

Building 424A

A 200 gallon BCH spill Tanks 120 and 121 occurred east of Building
424A in 1960 in the northern portion of an equipment yard (70 feet
by 30 feet) as seen on a 1982 aerial photograph. Three boreholes
are planned.

Building 433

1. 1In 1971 100 gallons of D-D soil fumigant was spilled during a
tank care overflow on the south side of the railroad tracks at
one of four rail car load spots west of Building 461. Four
boreholes, one at each load spot are to be drilled.

2. In 1975 250 gallons of D-D soil fumigant was spilled at the
tank truck load spot southeast of Building 433 and flowed into
a ditch. The dirt was removed from the ditch. One berehole
is to be drilled at the load spot.

3. In 1973 greater than 55 gallons of DCPD was spilled when a
previously urmarked pipe was punctured. The pipe lies
north-south, south of the center of Building 433. Two bore
holes will be drilled in the ditch ncrth and south of the road.

4. In 1981 or later approximately 1 quart of D-D soil fumigant
was spilled west of Building 461 during a tank car unloading.
This spill 1s investigated with the boreholes used to
investigate spill Dl.

8uilding 451

Greater than 55 gallons of Azodrin spilled from leaking 5 and 3C
gallon contalners on a flat car in a hot house socutheast of
Building 451 in 1974. The dirt was rezmoved from this site, and
the area was spread with soda ash. Two boresholes are planned an
the railroad track between Buildings 451 and 475.
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Tanks 462 A, B; 463 A-H

Six reported spills occurred in the south tank farm (Site 1-10).
They are a 100,000 gallon benzene spill in 1943; a 1,400 gallon
spill of BCH bottoms in 1956; a 1,500 gallon spill of DCPD
bottoms/No. 6 fuel oil in 1967; a 1,548 gallons dicyclopentadiene
(DCPD) Bottom/No. 6 fuel oil on August 8, 1976; 50,864 gallons BCH
Bottom/No. 6 fuel 0il in September, 1978. In addition, between
1967 and 1975 an estimated 55 gallons of spent acid was spilled.
These spills are located within Site 1-10. The sampling scheme is
shown in the slite discussion and Figure 3.3-4.

Building 471

‘1. A leak from Tank 132 southeast of Building 471 spilled

approximately 100 gallons of allyl chloride in 1972. One
borehole is planned cast of the tank.

2. In an overflow of Tank 132, 550 gallons of allyl chloride was
spilled in 1976. The affected soll was removed. The borehole
planned in the previous incident will look for evidence of
this spill also.

3. A 200 gallon vapora spill that uvccurred between 1960 and 1980
south of Bulilding 471 is too indefinitely located 1a the
records to drill. This drilling program already has three
boreholes planned for south of Building 471.

4. Leaks from a tank car containing Nemagon at a loading spot
north of Building 471 totaled less than 93 gallons in 1971 and
affected a 25 square foot area. No clean up acticn is
recorded. The unload spot was indentified as 2-471 by Shell
in the May 1, 1985 letter. One borehole will be drilled at
thls unload spot.

S. In 1973 over 1000 gallons of Nemagon were spilled at a loading
spot north cf Building 471 identified by Shell as 2-471. One
rehole is already planned at this unload spot.

6. A tank car overflow at an unload spot between Buildings 451
and 473 spilled over 2000 gallions of allyi chloride in 1975.
The &llyl chloride drainad off the area via the surface
drainege and some was recovered. A borehole has been sited at
unlcad spot 3-471 intercept the effect of this spill.

7. Overflow of Tank 133 durina filling spilled 3C0 gallons of
mineral spirits in 1975 near an unload spot betwe=n Buildings
451 and 471. Corrective measures are listed by Shell as
recovery of 1000 gallons that were trapped in the trench and
clean up of the rocks and dirt. One borehole is loca‘’ed at
unload spoat 4-471 to intercept this spiil.

8. Severai upills are recorded as occuring sometime between 1350
and 1981 in the tank farm asscclated with Bullaing 471. The
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farm was reportedly concrete lined but not completley. Many

of the spllls were readily trapped and recovered. Others wice
in contact with the soil. One borehole 1s planned south of

Bullding 471 near an existing monitoring well (571).

An acetone spill of a few gallons was associated with the tank
farm in 1977 or 1978 from Tank 1173. A single borehole =zast
of the large concrete lined tank farm south of Building 471
will be drilled.

A 1981 spill of 500 gallors of chloral bottems on the ground
under Building 471 was menticned by Shell. Soreholes
assoclated with Gl through G? are around the building, but the
most likely area scuth of the building and north of Building
472 1s inaccessible to the rig.

An underground leak from a sump and seweriine spilled an
estimated 300 gallons of NaOH and acid nzar Bullding 471 in
September, 198l. No record of cleanup is found. The
borehecles associated with Gl to GO cover this area.

Over 1000 gallons of Nemagon was spllled in a tank car
unloading north of Bullding 471 in 1974. 8orsholes G7, G6 and
G4 drill at urload spots .4-471, 3-471 and 2-471 respectively.
One borehole will be added at unload spot 1-471. It will be
labelled G&0Z.

Chloral distillation bottoms were spilled on the ground under
Building 471 in 1981 from a broken pipe in the process sewer
line., Over 500 gallons are recorded spilled and no cleanup is
indicated. The area around the building is covered by seven
boreholes. An uninvestigated area thit is inaccessible to the
tlg is south of the building and north of Building 472 as
mentloned under spill Gl0.

An open valve during a product transfer operation spilled
53,397 pounds of Yapona into the ground in diked area in the
tank fTarm south of Building 472 in 1980. A sump removed the
product anc¢ soil was removed to a depth of 3 or 4 feef’. This °
tank farm 1s now concrete lined. EBoreholes investigating
spills G8 and G9 will investigate this spill.

Several spills of unkrown amounts of bromine occured near
Building 471 between 1955 and 1975. Borehgles used to
investigate spills Gl, G4, G&, G7 and G8 will be used to
investigate this spill.

In 1981 or later i/2 pint of chioral was spilled on te
concrete in the RBuilding 471 tank farm. Tha grea was washed
and cleaned up. This spill is very small; it will possibly be
investigated by the boreholes used to investigate G8 and G3.
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17. In 1981 o:r later 20 drops of trimethyl phaspnite were spilled
nn the ground and 1/2 cup spilled on the pump base due to a
valve misfunction on a loadline at tank car load spot 1-471.
No clean up is recorded. This spill is investigated by the
borehole used to investigate spill Gl2.

Building 511

A 1200 gallon hexane spill from a brcken line during a tank car
unloading occurred on the rallroad tracks north of Building 516 in
1958. No cleanup action is recorded. In addition, Kuznear and
Trautmann (1980) cite that large amcunts of Lewisite were lost
through leakage of pipes and tanks in the area. Shell indicated
in the May 1 letter this spill occured near unlcad spot 1-534 near
the switch area. One borehole is planned.

Building 512

1. In 1965 500 gallons of chlorothiophenol (CTP) were spilled
unloading a tank car northwest of Building 512. Shell
interrogatory response incident number 25 indircates several
such spllls occured between 1966 and 1975. The bad odor of
this chemical makes it likely to have been removed. One
boring has been located at this spill.

2. Several HCCPD spills in the form of tank overflows occured
between 1353 and 1964 in the reactor area east of Building
512. The concrete pad below the reactor reportedly caught
most of the spill and drained it to the chemical sewer. The
splashed soil was removed. One borehole in the reactor area
is planned.

3. Several spills occurred between 1953 and 1964 that are listed
as around Bullding 512. The spills invnlve 400 gallans of
isopropanol, 1500 gallons of HCCPD and unknown amounts of
compound 773. Some of the HCCPD was removed. In addition,
overflows of tank vents onto the roof and the ground below the
roof around Building 512 are recorded. Two boreholes are
planned in the reactor area.

4. Mercury is reported spilled around and behind Ruilding 512.
One borehole is located on tha west side of the building.

Building 514

Several spills are associated with Building S514. The spills,
which are in scattered locations, are:

1. Overflow of 500 gallons of acetone from tank 178 in 1979 was
contained in a diked area around the tank. Borenoles under
spill sites J3 and J5 are planned to include this spill.

2. Drum washing on the north dock of Building S14 betwesen 1963
and 1981 spilled dilute amounts of azodrin, acetone,

.
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0 chloroform and MMCAA onto the surrounding area. One borehole
is located north of this dock.

3. ULeakage of 500 gallons of caustic soda (20% w) from tank 65 in
1978 spilled onto the ground. The dirt was replaced in the
immediate vicinity. One borehole is located south of this
tank.

4. Regular or continuous leakage from Tank 65 from 1978 to 1981
of caustic soda (20% w) was reported. The dirt was replaced
in the immediate vicinity. The borehole drilled under spill
site J3 investigates this spill also.

5. Failure of a high level cutoff on Tank 116 north of Building
514 spilled 7400 gallons of caustic soda (20% w) on December
29, 1971. The tank has been removed and one borehole is
located on its previous location.

6. In the mid-1960's tank car overflows of caustic soda (50% w)
of at least 200 gallons occurred at unload spots 1-514 and
2-514. Ore borehole 1is planned for each unload spot.

7. Tank 1140 in the center of the tank farm overflowed on the
north side in 1976, spilling 960 gallons of chloroform on to
the ground. The existing concrete beams were not there when

@ the spill occured. 0One borehole is planned north of this tank
farm.

8. A tank car overflow in September 1963 spllled 1700 gallons of
DCPD in what is labelled the south tank farm north of Building
514. Two boreholes are located north and south of the west
end of the tank farm north of Building 514.

9. Overflow of Tanks 1272 and 1273 north of Building 513 splilled
3000 gallons of trimethyl phosphite (TMP) onto the surrounding
soil in 1970. Dirt was removed to a depth of 2 to 3 feet.
One borehole (J903) is planned north of the tanks. Two
additional boreholes labelled JS01 and J902 are used to
investigate spill J11 and J904 is used to investigate spill
J12 for numbering ccnvenience only.

10. Spill of 10CO gallons from overflow of a benzene tank in the
tank farm north of Bullding 514 is reported in 1955. The
affected soil was removed. As no specific tank is indicated,
boreholes at sites J3, J5, J7, J8 and J9 are placed to find
this spill as well.

11. Approximately 900 gallons of caustic soda (20% w) spilled east
of Building 514 in 1969 while thawing a frozen line from
Buildings 514, 515, 516 and 534 to the tank farm. Boreholes
J901 and J902 are planned to investigate this spill. -

12. A 200 to 500 gallon spill of M4A (mono methyl/amine) cccurred
in 1940 in the northeast end of the tank farm north of
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Bullding 514. One borehols is planned east of the tank farm
north of Building 5140. This borehole is labelled J904.

13. In 1978 s 100 gallon dimethylamine (DMA) spill is recorded in
the Bullding 514 tank farm. Boreholes for spills J8, J9, and
J10 are also investigating this spill.

14. A large spill of Bidrin (1300 gallons) was reported for 1978
in the vicinity of Building 514. The spill 1s reported going
to the chemical sewer, no further information 1s given. This
spill may be investigated by boreholes for spills K1, 32, and
X6.

Building 516

1. Several incidents occurred between 1952 and 1970 of sump
overflow to the contaminated sewers north of Building S51€.
Acetic acid, aldrin, benzene, caustic soda (20% w), dieldrin,
endrin, and xylene were spilled. Two boreholes north of the
sump and along the surface rcute to the chemical sewer ara
planned.

2. In 1970 spills from vat 1096 in Building 516 of 13500 gallons
of sulfone reached the surface drains and sewers outside and
north of the building through the sump system. This spill is
investigated by boreholes for spill Kl.

3. HCCPD ard water would occasionally flow out the north side of
Building 514 north of Bulilding 516 between 1949 and 1955
related to phase separator spills on the northeast dock. This
spill is investigated by boreholes for spills J2 and Jé.

4. In 1952 a chemical reaction explosion in 8Buliding 516 spilled
hydrogen peroxide, acetic acid, sulfuric acid, possibly Aldrin
and Dieldrin in benzene, chlorine and HCCPD in an unknown
volume. The explosion was possibly contained within the
building. In which case it will be investigated by the
boreholes for spill K1 which are near the sumps. The
sxplosion may have reached outside the building by a direct
route and one borehole west of the building is planned.

Building 521

1. Five hundred gallons of cyclopentadiene (CPD) and OCPD spilled
between 1949 and 1974 north of Buillding 521 on the west end of
the tank farm. Twa boreholes are located northeast of the
bullding south of the tank farm.

2. A 200 gallon HCCPD spill (overflows of Tanks 111 and 112)
occurrerd between 1949 and 1955. These tanks weres lccated
between Buildings 521 and 525, and partially under Building
525. No bore holes will be drilled in Phase I here.
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Piilding 522A

l. A 16,000 gallon benzene splll from a gasket failure in an
overhead line covered the rallroad tracks with frozen benzene
between 1951 and 1953, south of 3uilding 522A. Two boreholes
north and south of the tracks are planned.

Building 528

1. In December 1958 a leak in an underground transfer line
releasad 650 or 5105 gallons of CPD bottoms southeast of
Building 536. No cleanup is indicated and the underground
line was replaced by an above-qground line. One borehole is
located southeast of 3ullding 336.

2. Overflow of a sulfuryl chloride rscovery unit east of Building
528 in 1958 spilled Z00 gallons. One borehole is located eas:

of 528.

3. Overflows of Tarks 6 and 7 south of Bullding 528 spilled
greater than 55 galllons of DCFD between 1949 and 1974. The
chemical flowed east to the ditch on the east side of Bullding
528. One borenhole is planned in the tanks area.

Building 534

1. In 1949 2,000 gallons of heptane was drained from the
chlordane process north of Building 5348. No cleanup actions
are recorded. Two boreholes are planned north of Building
5348.

2. Tank overflows of 100 gallons of mixed acid in 1569 are
reported in the tank farm north of Building 534A. The floor
of the tank area was flooded and seepage may have occurred
through cracks. Cleanup consisted of washing the acid to the
contaminated sewer. Three boreholes in the tank are planned.

3. Overflow of Tank 15 east of Building 534 occurred in 1974.
There is no reported cleasnup of the 1,000 gallons of hexane
spilled from the tank. Two boreholes near the tank are
planned.

4. An explosion of crystalllzer on the northeast side of Building
5348 released 400 gellons of 4-chlorg-3,5-dinitrophenyl methyl
sulfone and mixed acid in 1575. One borebole is located east
of Builading 5348.

5. Mercury 1s reported spilled around Building 534 during the
period 1969-1978. Since several boreholes are scheduled
northeast of Bullding 5348, two additional horeholcs southwest
cf Building 5348 are planned.

6. Three timas 1a 1981 near Tank 161 east of Building 534 a tank
overflowed 500, 1C and 5 rallons Into a concrete dike within a




6 by 60 foot earthen area. The spllls werw diluted and
flushed to the chemical sewer. One borehole north of the
tanks east of Bullding 534 ls planned.

Building 514

1.

In 1966 a tank explosion occurred In the northwest room In
Building 514 which blew the tank through the wall spilling
approximately 1,000 gallons of azodrin. Most of the spill was
inside the building. Boreholas north of the building include
those investigating spills J2 and J6. A borehole west of the
building used to investigate splll K4 will be used to
investigate this spill.

Building 435

1.

In 1973 approximately 100 gallons of spent aclid leaksd from a
corroded line southwest of the sast gas holder (Bullding
435). Thers was no reported cleanup at this site. Four
borsholes are planned in the field south of Bullding 435 and
north of the rallrcad tracks along pipeline and in poorly
vegeteted aress.

Building 5718

1.

In 1960 near the flare between Bulldings 571, 5718 and 504 a
Telease from an experimental Hex-Acatylene reactor spillad 150
gallors of HCCPD (hoxochlorocyclopsntadiene)., One borehols
north of the flare is planned.

Approximately 107 gallons of sulfuryl chioride spilled due to
the overpressuring of a tank traller during lcading in 1978.
This occurred north of Bullding 5718 near the flare. Cleanup
consistad of soil removal. One borehole east of the flars is
planned,

Between 1950 and 1952 J. M. Hyman had a landfill on the sast
side of the flare tower in the DET area. Chemicals disposed
in the landfill included HCCPD, tetrachlorocytlopentaine,
octachlorocyclopentene, hexachlorobutadiene, parrshliorbanzanes
and resinous materials composing hex bottoms. Groundwater
monitoring wes installed in 1978-1979 and the wastes are
reportedly not migrating from the site. The borshola T2 which
is eas! of the flare will be used to lnvestigate this splll.

west of Building 5718 in 1982 a 5 to 16 gallon mixture of
water and methyliscbutyl katone was spilled in 15€2., The
splll affected 25 square fmet from which the soil and rock was
removed. A cingle boring in the ircinerator area ncrihwast of
Building 5718 is planned.

In the incinerator arsa {n 198), 200 to 300 pounds (25
pallons) of a water/methylisobutyl katone mixture waz spilled
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u.

through a leaking filter gasket. The area was decontaminated
with bleach and the dirt removed. The borehole drilled for
spill T4 will investigate this area.

Building 506

1.

North of Bullding 506, 200 gallons of Shell fertilizer
solution 8-0-0-IS was s¢illed in 1979. The contaninated soil
and fertilizer was removed. One borehole north of Bulldirg
506 is planned.

In the same area vat 1255 filled with DET effluent overflowed
an estimated 1,000 gallons onto the surrounding gravel in
1981. One borehole is located near this tank.

Bullding 464

1.

About 19560 a quarter inch drain line froze and broke allowing
an unknown amount of B8CH bottoms to spill onto the gravel
below Tank 4&4B south of Building 464. No cleanup ls
recorded. Two borsholes north and south of Tank 4648 are
planned.

In 1967 spills from cleaning out Tank 464 south of Bullding
464 of 1,500 gallons of DCPO bottoms and No. 6 fuel oil flowed
to & low spot in tha tank farm area. The material was picked
up, dralned and removed around 1974, Two boreholes in the low
area north of Tank 464A ara planned.

Batween 1967 and 1975 spent acld was spllled during tank truck
loading near Tank 464A west of Bullding 464. One borehcle i;
planned in this area.

In 1976 a line holed out during transfer of DCPO batioms from
Tank 321E to Tank 464A spilling 1,548 gallons orto the soll.
The affected soil was removed. Ons borshole is located
southwest of Tank $64A. Boresholes investigating spills v2 and
V3 are located north of Tank 4644,

In 1956 1,400 gallons of 8CH bottoms were lost cleaniny Tank
4648. No cleanup s recorded. One borehole will be rsed to
investigate this spill.

Bullding 515

1.

In 1957 an endrin vent line overflow north of Bulldi~g 515
spilled 3,000 gallons of benzene ontc the ¢roomnd. No cleanup
is rscorded. Two bureholas are planncd sast and wast of the
north wing of 8ullding 515.

Railyards

1.

Incident 56 in the Shell Interrogatory Responsas 13 to 20
recounts the spllls assumed responsible fo1 tha 'BCP plume
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migrating to the northwest bcundary. The source is consldered
to probably be the rail classification yard in Section 3 west
of the South Plants. These spills will not be investigated in
Task 2.

Y. Section 36

1. Between 1962 and 1973 surface waste drun storage in the
southwest quarter of Section 36 spilled unknown amounts of
varying Shell chemicals as reported in the incident 57 of the
Shell Interrogatory Respansas 18 to 20. These spills will not
be investigated in Task 2.

2. From the early 1950s to the mid-1960s, 18 trenches in Section
36 of varying sizes were used to dispose of bulk waste as
reported in incident 58 of the Shell Interrogatory Responses
18 to 20. These spills will not be investligated in Task 2.

Z. Tank 1315

1. In 1981 8 leak in a hose allowed & spill of one pint of Nudrin
heavy ends near Tank 1315. This spill is too smell to drill a
borehole in this investigation.

Site 2-14 Sanltary Landfill

Twe separate landfills are considered to be Site 2-14. One landfill is west
of Bullding 347, and is comprised of approximately 147,200 ftz. This is
shown as Site 2-14a in Figure 3.3-6. The other landfill 1s south and east
of Bullding 362, and comprises approximately 42,300 ftz. This is shown as
Site 2-lab in Figure 3.3-7. Contaminsnts may inclucde both erpanic and
inorganic compounds. Verv little historical infermation is available.
Because the ground has been disturbed, and unknown moterials ere buried, a
geophysical teconnaissance s raquested befcre drilling can procede. Depth
to water at Sita 2-lcsa is approximataly 20 feet. A boring density of
174,900 rt? will be used, resulting in ten barings to be drilled during

Phase I as fallows:
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Number of Total Depth Number of
T

Borings S € 49 N Sampies
2 20 8
2 15 é
2 10 4
4 5 4
Totals: 10 22

Depth to water at Site 2-14b is approximately 12 feet. A boring density of
1/1,600 ft2 will be used, resulting in eight Phase I borings.

Number of Total Cepth Number of
Sorings Ly = _Samples
2 15 6
2 10 4
4 5 a
Totals: 8 18

No surface samples (0-1.0 teet) will be taken from any of the borings
drilled at Sites 2-l4a or 1l-14b.

Site 2-18 South Plants Spili Sites Section 2

Numerous spills and leaks have occurred in the South Plarts area in Section
2, but faw have been documented in the literatures. The information sources
for spill site location in Section 2 are the same as those for spill sites
areas in Section 1 described in the text for Site 1-13. Tre following ls a
brief description of the spills in Section 2. Approximate lccations of the

spill sites ares shown on Figurs 3.3-8.
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P. Building 254

1. In 1964 30 gallon drums of Naled (DIBROM) stacked on the
southwest wall of Bullding 254 leaked over 200 gallons. No
cleanup 1s recorded. Two boreholes are planned in the ditches
north and south of the road scuth of Bullding 254.

2. Sometime between 1968 and 1972, Naled leaked from thirty gallon
drums stacked south of Bullding 254. The leaking drums were
contained and removed along with the contaminated soil. This
;glll is investigated using boreholes used to investigate spill

Q. Building 347

1. In 1973 two thirty gallon drums of Nemagon (DBCP) south of
Building 347 were punctured by a forklift spilling &0 gallons of
liquid across the blacktopped loading area and into the ditch.
The area was diked and sand swept gver the spill and the dirt
removed. Three boreholes are planned in this area south of
Building 347. One is located in the ditch north of Bullding
345, and two are located in ditches at the west end of Building

347.
NTLY RA SITES

Site 1-5 Lime Pits and Storage Area

Two revetted storage areas, comprising a total of over 96,000 ftz have
been identifliec from 1982 aerial photographs, historical records, and the
Scuth Plants location map. These pits were filled with both organic and
incrganic compounds, including heavy metals, from 1943 through the late
1950s. Waste products of slate, lime, and acetylene were also disposed of
at this location until the 1950s when this settling basin was abandoned and
the lime pits in Section 36 were opeaned. Lesakage from Sits 1-5 was suspacted
to have contributed to contamination in Lower Derby Lake. A boring density
of 1/3,600 ftz was used to determine total number of sampling locations.

The water table is estimated to be at a depth of about 15 feet. Figure
3.3-9 shows the boring locations for Site 1-5. Eight borings will be

drilled and samplad in Phass I as follows:
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Number of Total Depth Number of
Borings [€29) Samples
2 15 6
2 10 4
4 5 4
Totals: 8 14

No samples will be taken from the 0 to 1 foot interval because the lime
ponds were covered at the surface.

Site 2-3 Lagcon

A small lagcon, approximately 39,500 ft2 in area, contained standing liquid
in the 1%40s. Potential contaminants include both organic and inorganic
compounds. This area was covered or filled in by 1955; therefore, no
samples from the 0-1.0 foot interval will be taken. A boring density of
1/1,600 ftz will be used. Depth to water is approximately 15 feet.
Figure 3.3-10 shows the boring locations for Site 2-3. Eight borings will
be drilled in Phase I as follows:

Number of Total Depth Number of
_Borings rey _Samples
2 15 6
2 10 4
4 5 4
Totals: 8 14

Site 2.7 Aeration Basin

The aeratlon basin site 1s located south of B8uilding 326 and is
approximataly 25,200 ft2 in area. It consists of a 5 foot deep concrete

basin with four north-south rows of twelve and one foot square concrate
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pillars spaced evenly supporting a piping system. Open storage, mounded
materials, and pits have Leen cbserved wzst of this basin. Cepth to water
at this site is approximately 10 feet. Figure 3.3-11 shows the boring {

locations for Site 2-7. Using a boring density of 1/1,600 ftz. five
borings will be drilled to a maximum depth of 10 feet during Phase I as g .

follows:
-

Number of Total Depth Number of :

~Borings —~f) ~Samples

X

a 10 12

1 5 2 -

: Y

Totals: 5 14

ARMY OPERATED SITES

@ Site 2-2 Burn Site : -

This site i= located wast of D Street and the South Tank Starage Area in
° Section 1. Its approximate size is 128,000 ftz. It was used s a firebrsak

in the 1940s and sarly 1950s and may have heen a testing site for munitions -

and/or incendiaries. Potential contaminants are both organic and inorganic

compounds. There 1s also a strong possibility that unexploded ordnance are

praseni, and a geouphysical survey will be performed before drilling occurs.
The water table is anticipated at a depth of 15 feet. A boring density of »5
174,900 ft2 will be used. The boring locativuns are shown on Fligure
3.3-12. Elight borings will be “rilled in Phz3= I as follows: ‘
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Number of Total Depth Number of
Borings —(rY) Semples
2 15 L]
2 10 6
4 5 8
Totals: 8 22

Sites 2-6 Salt Storage Area

This area is located west of Bullding 247, and consists of approximately
,50,000 ftz. The area is krnown to have contained standing liquid and
material. Contaminants include both organic and inorgaric compounds.
During a site reconnaissance in Qctober 1384, the area was full of stancing
liquid. Depth to ground water is approximately 25 fest. A boring density
of 1/2,500 rt2 will be used. Figure 3.3-13 shows the boring locations far

Site 2-6. Seven borings will be drilled in Phase I as follows:

Number of Total Depth Nurper of
Sorings I ¢ 4 . -samples
1 25 6
1 20 5
1 15 4
1 10 3
3 5 6
Totals: 7 24
UNASSIGNED SITES

Site 1-3 Mounded Material

Two areas east (1-3a) and northeast (1-3b) of Bullding S5al, a white
phasphorus 71lling warshcuse, were ldentified In a 1948 aerial photograph as
areas which contained man-mades mounds of unknown origin. Thase mcunds were
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missing on a 1955 photo. All of the unassigned sites are considered
uncontaminated and the boring spacing was determined using that assumption.
Site 1-3a consists of approximately 25,350 ftz. and a boring density of
1/1300 712 was used. Estimated depth to water is 15 fest.

Site 1-3b is approximately 2,500 ftz in srsal extent. A boring density of
1/900 Ytz was ussd. One Phase I boring will be drilled. Figure 3.3-14
shows the bori:g locaillons for these sites. A summary is as follows:

Number of Total Depth Number of

Borings )y = _Samoles
Site 1-3a 1 15 [
1l 10 3
Site 1-3b 1 15 A
Totals: 3 11

Site 1-4 Borrow Pit

A borrow pit, idenci’fiec in a 1980 photograph, is locatsd to the southeast
of Site 1-5, the lime pits. The borrow pit was prasumably used to obtain
muterial for fill or cover, and no documentation of spllls or dumping has
been located. However, the plt 1s a topographic depression, and may have
received some surfacs water runoff from the South Plants.

One boring will be drilled at the topograchically low area of the plt. It
is anticipated that this will be drilled to a depth of 10 feet. Site 1-4 is
shown in Figure 3.3-15.

1-11 Sanitary Landfill

A sanitary landfill, located north of Bullding 732, was ldentifled in a 1980Q
photograph, Tha approximats size of the dgisturbed ureé is 12,500 ftz.
The nature of burisd mmterial is unknown, therafore a geophysical reconnals-~
sance survey is recommenced pricr to drilling. The depth to watsr ls about
10 feat. No samplas will be collected hetween 0 and 1 feet, This site ls

3-39
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consldered uncontaminated, therefore, a boring density of 1/600 ft2 will
be used. Figure 3.3-16 shows boring locatiocns for Site 1l-11. Three borings
will be drilled during Phase I as follows:

Number of . Total Depth Number of
Sorings —(fY) _Samples
1 10 2
2 5 2
Totals: 3 4

Site 2-4 Excavation Pit

An excavation pit approximately 21,850 ftz in area, is locatad due south of
Site 2-3. The disposal history is unknown. Depth to water is approximately
15 faet. This site 1s considered uncontaminated, thersfore, a boring density
of 172025 ftz will be used. One boring will be drilled to 15 feet, one to
10 feat, and one to 5 feet. Boring locatlions ara shown on Figure 3.3-17. The
thres borings will be drilled during Phase I as follows:

Number of Total Depth Number of
Borings ) Samples
1 15
1 10 : 3
1 5
Totals: 3 9

Site 2-5 Trench

A small trench, approximatsly 7,500 ftz, was located near the northwest
corner of Lower Derby lake In a 1973 photograph. The disposal history of
this trench is unknown. No surfacs samples will be taken. A geophysical
raconnalissance is rscomended. This site is consldered uncontaminated,
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therefore, a boring density of 1/1225 ftz was used. Depth to water in

this area is approximately 15 feet. Boring locations are shown on Figure
3.3-18. Two borings will be drilled during Phase I as follows:

Number of Total Depth Number of
Sorings ‘ (rt) Samples
1 15 3
1 10 2
Totals: 2 5

Sits 2-8 Former Tank Storage Area

A former tank storage area of approximately 3,300 ftz is located west of
Building 243, in the chlorine manufacturing area. A 1982 photograph shows
e the foundations of ten to twelve tanks.

This sita is considered uncontaminated, therefors, a boring density of 1/900
ft2 results In two Phase I borings. Estimated depth to water is 25 feet.
The b~-ing locations are shown on Figurs 3.3-19. A summary of Phase [
borin, .s as follows:

Number of Total Depth Number of
Borings (ft) Samples
1 25 (9
1 20 5
Totals: 2 11

Site 2-9 Open Storage Area

This site, comprising approximatesly 57,000 ft2 is locatad due east of the 5
seration basin. A 1982 photograph shows storage of pallasts or possibly 3
@ ammunition boxes. Historical usage is not documented. This sits le not
ennsidered contaminated and a boring density of 1/5,625 ftz will be used,

341
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resulting in three sample locations for Phase I. Estimated depth to water
is ten fest. Figure 3.3-20 shows the boring locations for this site. A

summaTy of Phase I borings 1s as follows: -

Number of Total Depth Number of
.8erings (ft) Samples
1 ‘10 3
2 5 4 5
Totals: 3 7

Site 2-12 Former Tank Location

This area is located due northwest of Site 2-6. Two tanks, whose contents

were unknown, were removed in the 1970s. The areal extent of this site is

approximately 15,000 ft2. Building 254, approximatly 350 feet mast of the
area, was the site of a 1964 MNaled spill of 200 gallons. This site 1s
considered uncontaminated, therefore, a boring density of 1/600 ft2 was

usad resulting in three Phase I boring locations. Estimeted depth to water

is 25 feet. The boring locations are shown on Figure 3.3-21., A summary of

Phase I burings is as fcllows:

Number of Total Deoth Number of
Borings &4 D) Samples ‘f“': .
1 25
1 20 5
15 3
ety
Totals: 3 15

Site 2-13 Cpen Storage Area

This ares is located north of Site 2-2 and west of Sites i-9 and 1-18. The
boundaries and materials stored are unknown. This area was used prior to
1970. A 1982 photograph shows that some trenching may have occurred in this

3-42
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area. A geophysical reconnaissance is recommended befors drilling. The
arsal extent s approximatsly 180,000 ftz, and depth to water is approxi-
mataly 15 feet. This site is considered uncontaminated, therefors, a boring
density of 1/14,400 ftz was used. Flgure 3.3-22 shows the boring
locations for this site. Three borings will be drilled during Phase I &s
follows:

Number of Total Depth Number of
Borings {rY) Samples
1l 15 3
1 10 3
1 5 2
Totals: 3 9

Table 3.3-2 summarizes the number of borings and samples for Phase I.
3.3.4 Evaluation of Phare I Soil Boring Data

The primary objectives of the Phase I Soil Boring Program are to determine
if soil contamination exists and the types of contaminants present. These
interpretations will be made and key data gaps will be developed. From
thess svaluations, the locations of, depths of, and types of chemical
snalysgs thut will be carried out for the Phase II Soil Buring Program will
be designed.

After the soils and geologic data ara collected and processed through the
QA/QC and data management routines as described in Sections 5.9 and 6.0,
they will be analyzed. Maps and creis-sactions of soils ard geologic
matarials will be prepared lllustrat.ng the soil prnperties that have a
direct impact on the retardation or mobility of the contaminants. The
chemical data will be integrated with the soils and geologic data as soon as
it becomes avallable. With these data, the types arnd cencentrations of
contaminants present, estimates of the lataral and verticesl extent of the
contaminants and definition of contaminant boundaries will be evaluated.
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TABLE 3.3-2

| PHASE 1 SOIL BORING AND SAMPLINS PROGRAM

3 Site Sites
i Number Name Borings Samples
i
SHELL OPERATED SITES
1-8 Salvage Yard 11 28
1-10 South Tank Storage 13 35
1-13 Section 1 Splllsites 84 252
2-l4a Sanitary Landflill North 10 2
2-150 Sanitary Landfill South 8 14
2-18 Section 1 Spillsites 3 9
NTLY RAT
@ 1-5 Lime Pits 8- 14
2-3 Lagoon 8 14
2-7 Aeration Basin L 14
ARMY_QPERATED SITES
2-1 Burn Site 8 2
2-6 Salt Storage 7 24
UNASSIGNED SITES
1-3a Mounded Area - south 2 7
| 1/3b Mounded Area - north 1 a
! 1-4 Borrow Pit 1 3
% 1-11 Sanitary Landfill 3 4
; 2-4 Borrow Arsa b} 9
| 2-5 Tranch 2 [
, 2-8 Former Tank Storaqe 2 11
! 2-9 Open Storage 3 7
‘ 2-12 Former Tank Location 3 15
2-13 Open Storage Area 2 9

Totals - Phase | 188 522 Samples
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Each source, spill, or ditch will be analyzed in a sequence linked to the
field activities and schedule. For example, the first site where borings
have bdeen completed will be the first site analyzed. This Phase I data from
the first site will probably be analyzed four to six weeks after the
drilling is ccmpleted. Therefore, the schedule of site evaluations can te
derived from and linked to the field schedule.

As soon as the drilling of Phase I borings is complete, the data for the
first sites will have been analyzed. The locations of Phase II borings will
have been selected, and drilling teams can immediately mcbilize to Phase II
sites.

3.3.5 Phase II Program

The objective of the Phase II sojl boring program is to confirm the amount
of contamlnation pressent through quantitative chemical analyses. In
addition, the vertlical and lateral extent of the contaminated sources will
be ostimated. Approximately twice the number of borings drilled at
contaminated sites in Phase [ will be drilled during Phase II. Tentativs
locations of Phase Il borings are shown on the figures in Section 3.3.2;
final locations will be determined after evaluation of Phase [ data. The
samples will be quantitatively analyzed for contaminants found in the
Phase 1 study. The total number of soil camples for both phases are
i1llustrated on Table 3.3-3.

3.3.6 Locations and Number of Phase Il Sall Borings
The remainder of the soil borings for each source will be completed during
the Phase II boring program. The numnber, depth of each boring, and number of

samplss per boring are shown in Table 3.3-4., It is estimated that a total
of 262 borings will be carried out during Phase II.

3-44
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TABLE 3.3-4

PHASE II SOIL AND SAMPLING PROGRAM

Site Site Number of Total Number of
fumber Name Borings Depth (ft) Samples
SHELL OPERATED SITES
1-8 Salvage Yard 5 15 20
10 10 30
il 5 2
Total/Site 26 72
1-10 South Tank Storage 13 13 24
12 10 36
3 5 i
a . Total/Site 31 ' 86
1-13 Section 1 Spillsites 84 10 282
Total/Site 84 252
2-14 Sanitary Landfills 4 20 16
9 15 27
12 10 24
12 5 12
Total/Site 38 80
2-18 Section 2 Spillsites 3 10 9
Total/Site 3 9
JOINTLY OPERATED SITES

1-5 Lime Pits 4 15 12
7 10 14
-] 5 8
Total/Site 19 34
2-3 Lagoon 3 15 9
7 10 14
2 s 2
Total/Site 17 3G
2-7 Asz.tion Basin 4 10 12
2 5 18
Total/Sita 11 26
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TABLE 3.3-4 (Continued)

PHASE II SCIL AND SAMPLING PROGRAM

Site Site Number of Total Number of
Number Name Depth (ft) Samples

ARMY OPERATED SITES

2-2 Burn Site
Total/Site

2-6 Salt Storage
Total/Site

Totals - Phase II
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3.3.7 Monitoring wells
3.3.7.1 Location of Obsaervation wells

The objective for constructing observation wells is to identify and relate
the sffect of confirmed contaminants on the shallow aquifer beneath the
contaminated source. Wells hiave been preliminarily located within the
potantially contaminated areas that do not already have monitoring wells.
The exact locations and number of new monitor wells will be determined upon
completion of Phase I. Preliminary sites are shown on the boring location
maps, Figures 3.3-3 through 3.3-22. It lis estimated that nine wells will be
completed for Phase II. The source areas for wells are listed in Table
3.3-5.

3.3.7.2 Aquifer Testing

Slug tests for determining hydraulic conductivity in a single well will be
carried out. The test usually involves injecting or removing a slug of
water Instantanecusly from a well and measuring the rate of recovery of
water levels in the well.

Data are interpreted by comparison with empirical equations and graphs
praviously developed. The hydraulic conductivities generated primarily
reflect the value within a faw feei of the screen zone In a horizontal
direction. Reliable results have been obtained in formations ranging in
hydraulic conductivity from less than 0.1 gpd/ft (gallons per day per foot)
to more than 100 gpd/ft. The test procedures are described in detail in
Section I of the Task 2 RMA Procedures Manual. '

3.3.7.3 Groundwater Sampling

One groundwater sample will be collected from esach new monitoring well
installed. Sampling procedures, including field measursment of parameters
which can change during sample pressrvation, shipmant, and storage, are
described in Section I of the Task 2 RMA Procedurss Manual. Formal QA/QC
procadures for sample handling are described in Saction 8 of the JA/QC Plan,
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TABLE 3.3-5

PHASE II MONITOR WELLS

,,,,,

o
o

Site Number Site Name Number of Wells

SHELL OPERATED SITES

1-8 Salvage Yard 1
1-10 South Tank Storage 2
1-13 Section 1 Spillsites 0 ’
2-14 Sanitary Landfill 2 °
2-18 Section 2 Spillsites 0 :
JOINTLY OPERATED SITES
% 1-5 Lime Pits 1
2-3 Lagoon 1
2-7 Aeration Basin 1 :
ARMY OPERATED SITES
2-2 Burn Site
2-6 Salt Storage
UNASSIGNED SITES
1-3 Mounded Area 0
1-4 Borrow Pit 0
1-11 Sanitary Landfill ]
2-4 Borrow ]
2-5 Trench o
2-8 former Tank Storage 1]
2-9 Open 3torage Area 0
2-12 former Tank Location 0
2-13 Open Storags Area 0
Total 9
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Section III of the Task 2 RMA Procedures Manual. Chemical analysis of
groundwater samples is discussed in Section 4.0.

3.4 Building and Disposal Systam Sampling

The objective of the building ang the disposal system sampling program is ta
determine 1f there are materials in the buildings or disposal systems which
may be contributing to soil and ground-water contamination. The building
sampling program in the South Plants 1Is designed to provide information
about the building structures, possible contamination in the bulldings, and
disposal systems throughout the area. The disposal systems include: (1)
drains and sumps in and around buildings; (2) the sanitary sewer system
throughout South Plants; (3) the storm drainage system throughout the area;
(4) the original contaminated waste system constructed by the Army; and (5)
the contaminated waste system constructed by Shell. These diséosal systems
will be sampled directly at drains, manholes and sumps. Soil borings will
be sited tu facilitate ldentification of contwnination in soils surrouncing
disposal facilities.

The propased program is presented schematically in Figure 3.4-1. The overzll
sampling, Phase I, will be performed in two subphases. The purpose of Phase
IA is for a determination of personal protection need cf the sampling teams
and for a resconnaissance of the buildings. Phase IB will carry out the
sampling program to meet the task's objectives.

3.4.1 Sampling Plan Summary

During Phase IA, the air, composite dust samples and visual cbservations
will provide the data required to identify gross contamination of the
structures. Health and safety data will be used to determine level of
protection for building entry during Phase IB. Whers gross contamination is
not detected, the sampling conducted during Phase [A will not facilitate
conclusive characterization of the buildings as uncontaminated.

Storage tanks, vats, disposal drains, and sumps will be located and visually
sxamined during the Phasa IA suvey. In this manner, available building
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@ information will be updated and the sampling locations for Phase IB sampling
and the Soll Sampling Program (Phase 1) will be verified. Any relevant
liquid samples will be sampled, at the discretion of the field sampling team
during Phase IB assuming the laboratories are already certified for analysis
of liquids.

The data obtalned during Phase IB will be used to further assess
contamination of bulldings: (1) relate soil contamination ts potential
sources; (2) identify additional locations where soil contamination is
possible; and (3) obtain data required to plan remedial activities related
to buildings and process equipment.

All buildings and associated structures/soil in the South Plants area will
be sampled in a similar manner; however bulldings which were occupied by
Shell or jointly by bath Shell and the U.S. Army will be sampled first (see
Flgure 3.4-2). The sampling of Army occupied buildings (see Figure 3.4-3)
is planned to coincide with the Phase II geotechnical program.

3.4.2 Program Design

The sampling design for the buildings and disposal systems in the South
Plants area was based on the following factors:

Historical use and content of each building and adjacent areas
Size and number of stories 1n each building

Type and degree of expected chemical contamination

Extent and location of disposal facilities

Q O o o

Each of these factors is adcressed in the paragraphs that fallow.

A total of 185 buildings, foundations, and tamks for which both use and
location are2 known have been identified in Sectiuns 1 and 2 of the Arsenal.
The lacations of these structures are ldentifisd in Figures 3.4-2 and 3.4-3.
For each bullding a historical use profila was generated. The profile
inclided the following information: the building identification number;
descriptive information on type of construction, utilitles, facilities and
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bullding contents; bullding condition; current and historical use:; and the
type(s) of contamination expected. The bullding profiles are presented in
Appendix B. Tnhis Information was used to design the Phase IA and IB Surveys
as described in Sections 3.4.3 and 3.4.4,

The information available to date was obtained from the building plan index
obtained from the Facility Engineering Section of RMA, historical records
search documentation (USATHAMA, 1977), property inventory documents (Harland
Bartholomew & Associates, Inc., 1982), the Shell lease supplements, building
specific pollution source identification surveys and hazard assessments
(Kuznear and Trautmann, 1980), the Damage Assessment Report performed by
Geraghty and Miller, Inc. (1984)* and RMA Master Plan Basic Information Maps
prepared by the U.S. Army Corps of Engineers. The information compiled was
used to generate the building summary list presented in Table 3.4-1. Each
building 1s described according to its identification number, asscciated
contamination, floor area, occupancy (Army, Shell, combined), availability
of specifications, use, area code designation (as reported by Geraghty and
Miller, 1984)* and known chemical spill occurrences. Avallable building and
chemical process plans have been requested and will be reviewed and used to
update the building profiles. The selected bullding plans which have been
requested are also presented in Appendix B. Additional information
pertaining to building use, location and condition will be obtained during
the Phase IA reconnaissance survey. All new information cbtained will be
incorporated in the building profiles. The selected building plans which
have been requested are also presented in Appendix B.

For planning the Phase IA Survey, all bulldings have been segregated into
three risk categories: high, medium and low. This designation was used to
estimate the magnitude and significancc of contamination expectad, and help
anticipate the complexity of sampling to be conducted in the buildings.
Bullding risk designations were derived as follows:

*privileged information preparesd in support of litigatien.
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Poge 23 of I* Pagee

Vestes: Waste water
Wastes: Waste watsr and liquid wests
Westes: Calcium

ckener, gasollne and thickener, snd bonbs went to Section 36 for
thylhydrazine (UDMH),

l sealing compound.
twpochlaorite vastes discherged by chemical sewer ta Besin 8. Solld sludges (UDMH sluige) discharged ta Section 36 pits,

sins A or F, solld wastes to pits in Sections &4 end 36.
unsalesble chemicsls, wasts ofl, grests and

cd 3% <

z.:}
o
]
a

deteriorated peints, lacquer, thinner, solvents,

Alcohol, copper sulfate, sodium silicate
spliled gasol'ne. Wastewater containing these chemicals discharged to Basin A or F by industrial secer, flasssbie waite bumed «n Section 36.

ROCKY MOUNTAIN ARSENAL BUILDINGS IN SECTIONS 1 D 2 (Continued)
1
sluminum chloride (AlCly). wWaste: Water from equipment wash and spills flushed by contmmirated sewer to

Sulfur dichloride (SC12), chiocine ges (Cl7), caustic, olium €38 (M504 9503), monochlorobenzine

containing phosphates, copper sulfate snd other materials released by contaminated sewer to
Unsymastrical Desethylhydrazine Plant - Chumical Meterials: Hydrazine, dimethyl hydeazire,

from paint 1ines flushed by industrial sewor to Basln A, Rejected lots of -1, th

uaning and burial,

16. Maintenaice Shonp snd EQiipment Renovation Ares - Wastes:

Basin A, spent caustic slurry snd solid waste to Section 36 for burning or burfal.

(coolamt), antlmony trichloride (StCljy),

17. #-74 Incerdiary Basb Filling - Chamical Materfsls: Gasoline, benml, Mepala (M-1)

15. uhite Phosplorus Qup Filling - Cheaical Materisls:

16. T™ioryl Chicride - Chemical Materlals:

i9.
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0 High Rated Buildings include: all buildings in which surety agents
have been produced, stored or are suspectad; sall bulldings in which
pesticides have been produced; all bulldings expected to contain
complex process equipment.

0 Medium Rated Buildings include: buildings in shich severe contamina-
tion is not expected, but is passible dues to the arca in which the
building 1s located. For example, an empty warshouses in an area in
which mustard was produced is a medium risk building.

o Low Rated Buildings include: fouridations, gate houses, powar plants,
pump houses, channz houses, electric substations, loading docks,
maintenance shops, small storage structures, currently occupied
buildings, warshouses, and miscellaneous tanks end structuras which
ars not exguctsd to exhibit significant contasination or present any
special difficulties during sampling.

These initial designations will be revised, as required, based upon the
informatisn obtained during Phase iA and as other sources of information are

made availatle.

An adoitional 145 tuildings and/or structures have been identified for which
uss andsor location information is incomplete. For these buildings it was
not possible to cssign a relative ranking or to compute the required number
n? samples. Tlw buildings for which sampling requirements were not estimated
are detalled in Tables B-1 and B-2 in Appendix B. It is likely that many of
these structures hava deen dismantled or ara not located iIn the study area.
This will be confirmed during ths reconnsissance survey.

3.4.3 Phase IA Bullding Sampling Program (Raconnaissance and Health Safety
Program)

The Phase IA--Bullding Reconnaissance Survey Team will consist of the Health
and Safety Offlicer, the sampling team supervisor, and an air sampling

technician. A structural engineer will join this survey team when buildings
of questionable structural intsgrity are inspected. In all instances, the
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o Health and Safety 0fficer and the air sampling technician will be the first
team members to enter a structure.

They must insure that the building's atmosphere is acceptable to proceed
with other sampling requirements. The Health and Safety Officer and air
sampling technician will be present throughout this phase; other team
members will enter the bullding only as required to complete their
designated tasks. At any one time, a maximum of three team members will be
inside a building. All building reconnaissance survey work will be
conducted using Level C protection. Back-up persunnel (those who remain
outside of buildings prepared to offer emergency assistance) will be
prepared to enter buildings in Level B protection, if required.

Level A and Level B sampling equipment will be available at the site. If it
is determined that to sample a building will require an upgrade of
protective equipment to Level B or Level A, and that the sampling of this
building is necessary to carry out the objective of the building sampling

@ program, the Health and Safety Officer will make the necessary adjustments
so that this building can be safely sampled.

The field sampling supervisor and the Health and Safety officer will be
responsible for proper sample collection, sample labeling, chain of custody
records and fleld analysis. The alr sampling technician will assist during
the sampling effort. The fleld sampling supervisor will also assure that
the building data log for each structure examined and rscord the details of
plumbing, tanks, tank contents, vats, vat contents, etc., are properly
maintained.

Phase JA--Samplin

Non-invasive sampling will be conducted during the reconnaissance survey for
volatile organics in air, organic residues in dusts, toxic metals 1n dust,
asbestos in dust and Army suraty agent in dusts. At least one composite
dust sample will ba collectad from each bullding using a portable, high-flow
sampling pump and preloaded filter casssttes.
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@ The fleld sampling supervisor and air sampling technician will utilize real
time monitors during the building inspection to ascertain the presences of

airborne toxic contaminant levels. These monitors may include:

a. Photolonization detector (PID) calibrated in the office to a benzene i
standard and in the fleld to an isgbutylene starwcard. The PID will
be used in the survey mode in conjunction with the OVA for the
reconnaissance survey.

b. Flame ionization detector (FID) or organic vapor analyzer (OVA)
calibrated to methane. The FID or OVA will be used in the survey
mode In conjunction with the PID for the reconnaissance survey.

€. M-260 meter calibrated to propane or other sultable gas functions as
a combustible gas indicator and oxygen alarm.

d. M-8 meter, no calibration required. The M-8 detects the presence of
@ Nerve Agent (GB). The detection of G8 will initiate immediate
evacuation of the bullding by the reconnaissance team and imr.diate
notification of the Army Technical Escort Team.

8. M-1BA2 fleld kit required for the detection of Army surety agent.

f. Inorganic gases meter. Monitors the level of 1norganic gases or
vapors, for instance chlorine gas or mercury vapor.

One of the composite dust filter cassettes will be used to fleld test for
Army surety agents. Detection of Army agents will require that the Army
Technical Escort be notified and cause the Health and Safety officer to
close the bullding to further sampling until the Army can clear the building
of detectable agents.

Section 4.0 contains a discussion of the analytical protocol for Phase IA
samples. All samples will be placed in a temperature controllad (4°C) ice
chest 1mmediately after collection, labeled for shipment, and shipped to
Ebasco's Project Team laboratories by an overnight express service (e.g.,
Federal Express) for analy:s.
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0 Building samples, locations and field analytical results for each structure
will be recorded in the building data log bock. Entries to each log will
be in waterproof ink. Preliminary reconnalissance samples will be processed
as soil samples. Analytical procedures will not be USATHAMA Certified for
samples obtained for health and safety evaluations; however, they will be
EPA or NIOSH certified methods. Thess methods will be used for the air
manic screen and asbestos. These dcta will not be used for contamination
assessment or technical matters in litigation. Army certified analyses will
be performed for ICP screen of composite dust samples and semi-volatile
organics in comaposite dust samples.

Stryctyral Engineering Evaluatiens

The structural engineer will perform a nondestructive investigation of each
high and medium risk building in the presence of the site Health and Safety
officer. Bullding main support structures will be identified. Stairways,
scaffolding and flooring will be examined for structural integrity and

0 personnel maneuverabllity. The location of all tanks, vats, attendant
plunbing, connecting floor drains and sinks to vats, tanks or sewer lines,
waste storage areas and known spill areas will be identified by bulilding and
sample number, and will be photographed and recordad in the building data
log as potential cample points. Potential access routes to ldentified
sampling points will be marked. Any building areas or construction within
buildings (e.g., scaffolding, stairs, etc.) found to be unsafe will be
marked on the building floor plan and roped off. If the structural engineer
determines that a building is unsafe to enter, he will order the building
cleared of all reconnaissance personnel. The structural engineer will
prepare a report to the Health and Safety Officer ldentifying the reasons
for declaring an area or building unsafe.

No Ebasco employee or Ebasco subcontractor may enter a structure or portion
of structure that has been declarsd unsafe by thea structural engineer.
Neither may an Ebasco smoloyee or Ebasco subcontractor sampls a building
area or structure declared unsafe by the structural engineer.
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The Health and Safety Office: will identify to the Army within 48 hours of
receiving the structural engineer's report which building, structure or
bullding areas were found unsafe to sample. Thls report will include in its
write-up, and by appendix, the structural engineer's report on building
integrity. The heslth and safety officer will identify in the bullding data
log for each structure those areas excluded 7rcm sampling. In addition, if
an entire bullding or structurs is found unsafe, the health and safety
officer will mark that specific bullding log with a strip of transparent red
tape. Sampling teams may not enter buildings so marked by the Health and
Safety Officer without his written approval. The Army, at its discretion,
may chose to sample any structure designated as unsafe themselves or take no
action at all. Refer to Section 1V of the Task 2 RMA Procedures Manual for
the datails of the Ebasco Health and Safety Plan.

3.4.4 Phase IB Sampling

The purpose of Phase IB is to determine if any of the buildings being
sanpled are contributing to soll and ground water contamination. During the
Phass IB Survey, saveral types of samples will be ccllected. These include

samples from:

Building drains, foundations and sumps.

The sanitary sewer system throughout the South Plants.

The original contaminated saste system constructed by the U.S. Army.
The contaminated wasts system constructed by Shell.

The storm drainage system in the South Plants.

Solls surrounding the sanitary and contaminated waste lines.

0 0 0o 0o o

The samples to be obtained from buildings and disposal facilities are
described in Section 3.4.4.1 below. Soil borings to be drilled in the
vicinity of these disposal facilitias are discussed in Section 3.4.4.2. All
samples collected during the Phase I Screening Survey will be analyzed as
icentifisd in Table 4-2. Procedurss for use of samoling equipment are
presentsd In Section II of the Task 2 RMA Procedures Manual.
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3.4.4.) Procsss/Disposal Facility Sampling Locations

Avallable information snd maps have been used to identify bulldings which
are, or may be, connected to sanitary sewer lines and the original buried
contaminated waste system. This information is reported on the building
profiles prssented in Appendix B.

Disposal drains, sewer connections and process equipment will be located and
Teviewed during the Phase IA Survey. Additicnally, process equipment will
be subject to visual inspection during the Phass I8 program to identify
squipment condition and likely contributions %o soil contamination by a
chemr'~11 engineer.

Current Phase IB sample estimates are based on the following assumptions:

0 No screening samples wlll be required from structures which have been
designated as low risk/difficulty. '

o A maximum of 3 foundation samples will be collected in each building
to determine if the building is grossly contaminated.

In addition to samples obtained from bullding foundations, 36 Shell and
jointly utilized tanks, pumps and valve pits and 55 contaminated waste sumps
have been identified. A single sample will be ccllected from each of the
facilities identified in Appendix C, Table C-3.

Sanitary Sewer System

The sanitary system lines, manholes, 1ift stations and septic tanks located
iy the South Plants area ars shown in Figure 3.4-4. Samples will be
collected from the lift stations (3 samples) and from 10 menholes. The
manholes to be sampled have been selected by raviewing the system configura-
tion and direction of flow. Manhcles at, or just below, Junctions and &t
least one manhole on lengths of sewer line greater than 1/3 mile long have
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0 been selected. The locations of manholes to be sampled are identified on
Flgures J.4-4. The identification numbers of these 10 manholes are 100, 102,
104, 106, 108, 113, 116, 1197, 123 and an un-numbered manhole 2 blocks west
of #SA3, Individual manhole numbers are not presented on Figure 3.4-4, but
ars available on the RMA basic information maps.

It is possible that some of the identified manholes may be rusted shut or
that a manhole cannot be located. In this instance, the sampling team
coordinator will sslect an alternate sampling point.

Contaminated Waste System

Two contaminated waste systems are located in the South Plants area. The
original system was constructed by the Army and consists of burled lines and
assoclated sumps. The locations of the original lines are shown in
Figure 3.4-5,

@ The second system was constructed by Shell. The Shell system consists of 14
below-grade collection tanks in concrete sumps. These 14 sumps collected
aqueous effluent from 20 process buildings and laboratories via underground
hart piping. An overhead pressure header from the sumps to the effluent
treatment facility ls still in place. Another 34 Shell built sumps which
wers designed to collect washdowns, spills and rainwater from tanks farms,
truck loading/unloading areas, and nonprocess buildings. Effluent from
these sumps was removed with vacuum trucks.

Samples from the original contaminated waste system will be cbtained from
twelve manholes and seven sumps. The selected manhole sampling locations
ars shown nn Figure 3.4-5. Additional samples will be collected at manholes
to facilitate characterization of chemical constituenis present in these
lines. Sampling locations have been selected based on system configuration
and direction of flow to allow characterization of the system with a limited

number of samples.

The Shell contaminated waste system will be characterized by sampling the 48
sunps described above. It is assumed that all contaminants identified in
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these sunps will be present in the header lines. Therefore, it will not be
necessary to sample these header lines. The locations of all 55
contaminated waste system sumps located in the South Plants area are
presented in Appendix C, Table C-2. Sumps are differentiated as original
and Shell-built.

Storm Drainage System

In Section 1 of the South Plants area, most storm runoff is to a drainage
collection system which discharges to the Derby Lakes. In the northwest
area of Section 1, overland drainage 1s towards Sections 36 and 6. The
collection system in the northwest area is minimal (collection lines in the
vicinity of buildings 741 and 742 only); overland flow is channeled under
roads via culverts.

In Section 2, storm drainage collection pipes and culverts are located under
the railroad tracks in the vicinity of the 341-346 warehouses. Orainage

throughout the remainder of Section 2 is via overland flow channeled under
roads with culverts. Oralnage from Section 2 is primarily to the San Creek
lateral. The storm drainage collection system located in the South Plants
area is illustrated in Figure 3.4-6. Irdividual road culverts are not

detailed on Figure 3.4-6 unless a sample will be collected from the culvert.

Ten samples will be collected from the storm dralnage system. This data
will be used to characterize contaminants in the collection pipes and
culverts. Additionally, contaminants potentially transported out of the
South Plants area via runoff will be identified.

The approximate locations of samples to be obtained from the storm drainage
system are shown on Figure 3.4-6. These sampling locations have been
selected to characterize the major collection pipes and culverts. The
primary consideration for storm drainage sample sité selection was the
direction of flow. Downstream samples were selected in order tn permit
identification of contamination originating within the system with a minimal
number of samples.
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0 3.4.4.2 Soil Borings in vicinity of Dispcsal Facilities

A number of soil borings will be driiled in the vicinities of the chemical
sewers, sanitary sewers, storm drains, tanks, pits, and vats to determine if
these facilities have leaked and if contaminants are present in the soil.
The number of borings has been estimated to be one-third the total number of
samples obtained from the disposal systems. As it has been planned to
obtain 137 samples from disposal facilities, the total number of boreholes
associated with sewers will be 46. Thirty percent or 16 borings will be
drilled during Phase I. Borings will be drilled and samples will be
collected using the technigues outlined in Section 3.3. Soll samples will
be taken at both the water table at a depth just below the sewer, resulting
in 2 samples per borehole.

A summary of the boring program is as follows:

Phase I Phase I1 Total

Number of Number of Number of Number of
Borings Samples . _Borings Samples Borjngs Samples

16 32 30 60 46 92
3.4.4.3 Data Analysis for Phase IA and Phase ]B

Data obtalned from Phase IA will be used to plan for Phase IB sampling. The
health and safety data cbtained from real time instrumentation and the
organics in alr samples will be used to determine the level of protection
needed to entar buildings during Phase IB. The Information will help define
special sampling considerations to obtaln Phase IB samples.

In addition, data from visual observations and from the composite dust
samples will help characterize the contamination inside the buildings.
Observations by the sampling team will further clarify the existing
conditions of the buyildings in the South Plants area.
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Phase IB sampling is to determine if contamination exists in buildings that
can contribute to soil and ground water contamination at RMA. These §amples
are to be sludge and soil samples. Any liquid samples identified and
thought to be important will be sampled. The present schedule indicates
that the laboratories will be certified for liquid analyses by the
initiation of Phase IB.

The data obtalned from Phase I8 samples will be correlated with soil sample
data outside the buildings. Any relationship relating the two will be

determined and presented as part of the findings of the Phase I program at
RMA. Specifics of this contamination assessment are discussed in Section 8.
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4.0 CHEMICAL ANALYSIS PLAN

4.1 Introduction

The chemical analysis program is designed to be consistent with the sampling
program and is similarly divided into two phases. The first is a screening
phase analysis and the second is a quantitative phase analysis. Each of
these phases is described in more detail below. Published U.S. EPA and
USATHAMA analytical methods are identified as method of choice when
available. Where a reference method is not available, contractor methods
are proposed that will be developed to conform with Sample and Chemical
Analyses Quality Assurance Program for U.S. Army, section C, Development of
Analytical Methods (USATHAMA, 1982)., The referenced analytical methods in
this Technical Plan were those specified during the meeting of the
Analytical Services Teams for this Rocky Mountain Arsemal Project.

Phase I will screen samples collected at known or suspected contaminant
sources for target analytes and unknown contaminants. Phase I analytical
methods, including desired analyte concentration, high range concentration,
sample holding times, reference method and principle of method, are
identified in Table 4-1 and Table 4-2.

Table 4-1 identifies all Phase IA analytical methods. Buildings will be
sampled for volatile organics in air; and semivolatiles, toxic metals and
asbestos in cdust. Oata from these samples will be used as an initial
building contamination assessment and to identify the potential for worker
exposure to organic vapors, toxic metals and asbestos.

Phase IA methods for worker exposure (e.g., volatile organics in air and
asbestos) will not be USATHAMA Certified. Other Phase IA anmalytical methods
for initial building contamination assessment will be USATHAMA Certified as
indicated in Table 4-1. Building contamination assessment samples will be
assayed by the semigquantitative gas chromatography/mass spectroscopy (GC/MS)
technique for semivolatile organic target compounds. An attempt will be
made to identify the largest of major unknown peaks present in the GC/MS
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total ion current profile. In addition tc a GC/MS screen, samples will also
be assayed quantitatively for target metals, as identified in Table 4-1,
using inductively coupled argon plasma (ICP) emission spectroscopy and
atomic absorption (AA) spectrometry.

Phase IB will be a survey of known or suspected contamination sources.
Mainly soil and solid matrices (e.g., soll borings, sediments, dusts and
building materials) will be sampled during Phase IB. Liquids found in
tanks, vats, sewers, sumps, basements or other sources will be noted for
possible sampling in Phase II or, if thought to be critical, will be sampled
in Phase IB. The present schedule indicates that the laboratories will be
certified for liguids by the initiation of Phase IB. Soil and solid matrix
samples will be assayed semiquantitatively by GC/MS for volatile and semi-
volatile organic target analytes. An attempt will be made to identify other
major unknown peaks present in the GC/MS total lon current profile. These
samples will also be assayed quantitatively by gas chromatography (GC) for
1,2-dibromo-3-chloropropane (DBCP); by graphite furnace atomic absorptive
spectroscopy for arsenic; by cold vapor atomic absorption spectroscopy for
mercury; and other target metals by ICP. Additionally, selected RMA soils
will also be assayed for organic materials in soils. Table 4-2 identifies
the analytical method, desired analyte concentration, high range concentra-
tion, sample holding time, required level of certification, reference method
and principle of method for the Phase IB survey.

The Phase II Procgram involves analyzing scil, solid and liquid matrices by
specific quantitative methods to provide data on areal and vertical exent of
contamination at each specific source of interest identified during the
Phase I Program. Table 4-3 identifies the analytical method, desired
analyte concentration, high range concentration, sample holding time,
required level of certification, reference method and principle of method
for Phase II. A summary of Phase ]I and II laboratory analyses indicating
preservation guidelines, analytical methods required, level of certifica-
tions, total analytical requirements, and weekly laboratory rates of
analysis 1s given in the QA/QC Plan, Section III of the Task 2 RMA
Procedures Manual.

4-2
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TASK 2 TECHNICAL PLAN
Revision 1 - 8/85

4.2 Sample Matrices and Summary of Analytical Methods

4.2.1 Sample Matrices

All soll sludge, sediment (e.g., buildings and soils) and solid matrices
will be considered as soils for analytical purposes. Prior to sample
collection, all soil and solid analytical methods (e.g., Phases I and I1I)
will be USATHAMA Certifled for a standard soil. This standard soil will be
a background soil collected from the RMA area. Data for soil and solid
matrices will initially be reported on a dry weight basis and may be
converted to a wet weight basis as required by the Army COR.

Similarly, aqueous analytical methods will be USATHAMA Certified for all
Phase II analyses for a standard water matrix prior to sampling. A standard
water will be prepared as described in: Sampling and Chemical Analysis
Quality Assurance Program for U.S. Army Toxic and Hazardous Materials Agency
(Pages 63-64).

4.2.2 Summary of Phase I Analytical Methods

This section briefly describes the analytical methods for target analytes
and their desired detection limits in the Phase I survey. Tables 4-1 and
4-2 summarize esach Phase I analytical method. The non-Certified Phase IA
methods for volatile organics in air and asbestos are described in order, as
shown in Table 4-1. USATHAMA Certified analytical methods for Phase IA and
IB are described in the order of occurrence shown in Tabla 4-2. Lastly, a
noncertified method for organic materials in soll is described. The
speciflc protocol for each Phase I method may be reviswed in the Project
Specific Analytical Methods Manual for an Environmental Program in Support
of Litigation at RMA (see Section III of the Task 2 RMA Pr.cadures Manual).

Volatile Organic Compounds in Air Using Activated Charcoal and Tenax

This method was dasigned by UBTL for the Natlocnal Institute of Qccupational
Safety and Health. It 1s designatad for use in this program as a screening
tool to identify the potential for each sampling team's exposurs to volatile




organic contaminants in air during the Phase I program. The charcoal is
desorbed with methylene chloride, and temax with isooctane. Extracts will
be analyzed by fused silica capillary column GC/MS in order to identify
significant unknown compounds. This method will not be USATHAMA Certified.

Agbestos in Solid Samples

This procedure will be a screen for the building sampling team to identify
potential exposure to asbestos. The procedure will not be USATHAMA
Certified. A polarizing light microscope will be used to observe the
specific optical characteristics of the sample. Fiber morphology, color and
refractive indices along specific crystallographic axes will be determined.
Orientation of nolarizing filters such that vibration planes are perpen-
dicular will allow birefringence and extinction characteristics of
anisotropic particles to be observed. Quantitative analyses of asbestos
will involve the use of point counting. The point counting method will be
used for analysis of samples containing from O to 100 percent asbestos.

Volatile Organics in Soil and Solid Samples by GC/MS

The volatile organics method was based on EPA Method 8240 in solids (EPA
SW-846) and EPA Method 624 in liquids (EPA 600/4-82-057). This method was
USATHAMA Certified for soils and solids at the semiguantitative level for
the Phase I Program,

Due to this volatility, analysis for these compounds will be restricted to
building sediments from confined spaces (e.g., sewer lires, sumps, etc.),
deep solls or surface soils contaminated with o0il. Dust samples from
buildings and surface soils not contaminated with oil will not be assayed
for volatile organics by this technique.

In this method, a ten gram portion of the sample will be obtaimed with
minimum of handling and placed into 10 ml methanol in a volatile organic
acid (VOA) septum vial, spiked with the surrogates: methylene
chloride-dz; benzene-ds; and =thyl benzene—dm, capped with a teflon
lired septum 1id and shaken for four hours. A 20 ug aliquot of the
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methanol extract will be removed, spiked with 200 ug of
l,Z-dibmoethane-dA as an internal standard and injected inta 5 ml of
organics-free water contained in a syringe. The contents of the syringe are
then injected into a purging device, purged and analyzed on a packed column
(1% SP-1C00 on Carbopack B) by GC/MS. Each sample will be assayed for

target compounds at detection limits identified in Table 4-2.

In addition, the total ion current profile will be screened for up to five
major unknown peaks. An attempt will be made to identify the largest of
these major unknown peaks which are present in excess of t2n percent of the
area of the internal standard peak. Each of these major unknown peaks will
be reported as the purity, fit and probability to match for the three most
likely candidate compounds from the Envirormental Protection Agency/National
Bureau of Standards/National Institute of Health (EPA/MNBS/NIH) Mass Spectral
library computer program. Unknowns identified during the Phase I survey may
be incorporated as analytes into the Phase II Program if deemed significant
by areal and vertical extent or frequency of occurrence.

Semivolatile Organics in Seil and Solid Samples by GC/MS

This analytical technigque was based on EPA Method 8270 in solids (EPA
SW-846) and EPA Method 624 in water (EPA 600/4-82-057) and was USATHAMA
Certified in soils and solids at the semiquantitative level for the Phase I
program.

Using this method, a fifteen gram portion of the sample will be obtained
with a minimum of handling and spiked with the surrogates: 1,3-dichloro-
benzene-da; diethylphthalate—da; 2-chlorophenol—da; and di-N-octylphthalate-da.
The sample will be mixed with anmhydrous scdium sulfate (30 grams or more
deperding on sample moisture content) then soxhalet extracted for eight
hours with 300 ml hexane/acetore (1:1 mixture). The extract is reduced to a
final volume of 10 ml in a Kuderrma-Danish (K-0) apparatus. An aliaquot of
this concentrate will be spiked with phenanthrene-dm as an internal
standard and analysed om a fused silica capillary colum by GC/MS. Samples
~will be assayed for target analytes at the detection limits shown in
Table 4-2. 1In adagition, the total ion current profile will be scanred for
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major unknown peaks. As discussed for volatile organics, an attempt will be
made to identify these unknown major peaks. This method will be USATHAMA
Certified at the semiquantitative level,

Metals in Soil and Solid Samples by Inductively Coupled Argon Plasma (ICP)
Emission Spectrometry

The ICP method, based on USATHAMA Method 7S, is USATHAMA Certified at the
guantitative level.

In this procedure, a one gram portion of sample will be digested in a watch
glass covered Griffin beaker with 3 ml of concentrated nitric acid.
Contents of beaker will be heated to near dryness and repeated portions of
concentrated nitric acid added until the sample is completely digested. The
digestion process is finished with two ml of 1:1 nitric acid and 2 ml of 1l:1
hydrochloric acid. The sample digest will be filtered, the beaker and watch
glass rinsed with deionized water and rinsate passed through the filter.
The digestate is brought to a final volume of fifty ml and assayed by ICP.
Samples wilil be assayed for target metals at detection limits identified in
Table 4-2,

Arsenic in Soil and Solid Samples by Graphite Furnace Atomic Absorption

Spectroscopy (AA)

The arsenic methnd in soils and solids will be developed from EPA Method
7060 (EPA-SW-846). Using this method, a one gram sample will be digested
with hydrogen peroxide and concentrated nitric acid. The digest will be
filtered and assayed by graphite furnace atomic absorption spectrometry.
The target detection limit for arsenic will be 1 ug/g. This method will
be USATHAMA Certified at the quantitative level.

Mercury In Soil and Soiid Samples by Cold Vaoor Atcmic Absorption

Spectroscopy (AA)

This mercury method, develcped from EPA Method 245.5 (EPA 600/4-82-057),
will be USATHAMA Certified at the quantitative level. In the method

4.5




triplicate 0.2 gram sample portions will be placed into a BOD bottle and
digested with agua regia followed by treatment with potassium permanganate.
Excess permanganate will be reduced with hydroxylamine sulfate. Mercury
will be reduced with stammous chloride and assayed by cold vapor AA. The
target detection limit for mercury will be 0.1 ng/g. '

1,2-Dibromo-3-chloropropane (DBCP) in Soil and Solid Samples by Gas
Chromatography (GC)

This method, used to assay for DBCP, is based on a method developed by
Midwest Research Institute and is USATHAMA Certified at the quantitative

level.

Using this procedure, a ten gram portion of the sample will be abtained with
minimun handling and shaken for four hours with 20 ml of hexane/acetone
(1:1) mixture. The extract will be rinsed with distilled water, brought to
a final volume of 10 ml with hexane and assayed by a GC equipped with an
electron capture detector and using a fused silica capillary column. The
target detection limit for this compound will be 0.0l ug/g as identified
in Table 4.2,

Oroanic Materials in Soil Samples

The organic materials in soll methcd was developed by Utah Biclogical
Testing Laboratories for use in their agricultiural soils analytical
program. The procedure is derived from Methods in Soils Amalysis, Part 2
(American Society of Agronemy [1965]). In this method, a sample of
<10C-mesh soil will be weighed intc an Erlermyer flask, exactly 10 ml 0.5
N Potassium dichromate soluticn and 15 ml concentrated sulfuric acid added.

The flask is connected to a West condenser and heated to dichromate oxidize
all organic matter. The flask will then be cooled and the condenser rinsed
with deionized water. Contents of the flask will be brought to a &0 ml
volume with deicnized water and titrated with a 0.2 N ferrous ammonium
sulfate hexahydrate solution using N-phenylanthranillic acid as indicator.
Concentrations of organic matter in soil ranging from 0.1 to 99.9 percent
may be detected by this procedure. This method will not be USATHAMA

Certified.
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4.2.3 Summary of Phase II Analytical Methods

Analytical methods, target analytes, and desired target detection limits for
Phase II analytes are discussed in this section and summarized in Table 4-3.
All Phase 11 methods will be USATHAMA Certified at the quantitative level
for soil, solid and water matrices. Referenced methods are being prepared
In a specific USATHAMA format as per the instructions of the Army COR by the
program contractor laboratories. Phase II analytical methods will be
included In the Project Specific Analytical Methods Manual for an
Environmental Program in Support of Litigation at RMA (see Section III of
the RMA Procedures Manual) when they have been developed for certification.
This Technical Plan document will be modified at that time to reflect the
inclusion of all Phase II reference methods.

Volatile Halogenated Organics in Phase II Samples

The analytical method for volatile halogenated organics in water will be
based on EPA Method 601 (EPA-600/4-82-057). This analytical procedure will
be a purge and trap meithod, assayed on a packed column (1% SP-1000 on
Carbopack B) by GC equipsped with a Hall electrolytic conductivity dstector.
Water samples will be spiked with 1,2-dibromethane or other sultsble
internal standard based on Phasa I experience to monitor purge efficiency.

Analyses of volatile halocarbons in soil and solid samples will be based on
EPA Method 8010 (EPA SW-846) with an extraction procedure based on EPA
Method 5030 (EPA Sw-846). A ten gram portion of a soil or solid sample will
be cobtained with minimum handling and shaken for fcur hours in ten ml
methanol. An alliquot of the extract will be injected into five ml arganic
free water and spiked with 1,2-dibromoethane or other suitable intarnal
standard. This spiked water will be transferred to a purging device, purged
and analyzed on a packed column (1% SP-1000 on Carbopack-8) by GC with
detection by a Hall electrolytic conductivity detector.

vVolatile halogenated organic analyées and desired detaction limits are
identified in Table 4.3.




Volatile Aromatic Organics in Phase 1I Samples

The volatile aromatic hydrocarbon methods will be based on EPA Method 602
(EPA-660/4~82-057) for water and EPA Method 8020 (EPA-SW-846) for soil and
solids. Extraction of solid samples will be based on EPA Method 5030
(EPA-SW-846), Analysis of volatile aromatics in water will be by a purge
and trap method, analyzed by GC equipped with a photoionization detector
using a packed column (1% SP-1000 on Carbopack B).

In soil and solid matrices a ten gram portion of sample will be obtained
with minimum handling and shaken for four hours with ten ml methanol. An
aliquot of the extract shall be injected into five ml of organics free
water. The spike water will be transferred to a purge device, purged and
assayed on a packed column (1% SP-1000 on Carbopack B) by a GC with a
photoionization detector.

" Table 4.3 lists the volatile aromatic organic constituents and target
.detection limits.

ggganochlorine Pesticides in Phase 11 Samples

The analytical methcdology for orgarochlorine pesticides will be based on
EPA Method 608 (EPA-600/4~82-057) for water and EPA Method 8080 (EFA SW-846)
for soil and solid samples. An 800 ml portion of water will be extracted
three times with 50 ml methylene chloride. The extract shall be reduced in
volume and exchanged with hexane to a final volume of 10 ml or less. The
concentrated extract will be analyzed by GC with an electron capture
detector using a fused silica capillary column.

Analyses of solid matrices for organochlorine pesticides will involve
shaking a ten gram portion of sample with 20 ml hexane/acetore (1:1) for
four hours. The extract will be assayed using a fused silica capillary
colum by GC with an electron capture detector. The hexane/acetone
extraction method was selected for compatibility with extraction procedures
for organophospherous and orgarmosulfur compounds in solid matrices.
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Organochlorine pesticides and their target detection limits are listed in
Table 4.3,

1,2-Dibromo-3-chloropropane (OBCP) in Phase II Samples

The procedure for the analyses of DBCP was developed by Midwest Research
Institute for both water and soils. A 90 ml portion of water sample will be
placed in a 100 ml volumetric and saturated with sodium chloride. The

sample will be extracted twice with one ml hexare, the extracts combined and.

brought to a final volume of 2 mls., An aliquot of the extract is analyzed
on a fused silica capillary column by GC equipped with an election capture
detector. The target detection limit for DB8CP will be C.1 pg/l.

The analytical methodology for DBCP in soils and solids has been described
previously in Section 4.2.2 and 7Vable 4-2. ,

Dicyclopentadiene (DCPD) and Bicycloheptadiene (BCHD) in Phase II Samples

The specific procedures for DCPD and BCHD were developed by Midwest Research
Institute for both water and soil matrices.

A 100 ml portion of water sample will be extracted with five ml methylene
chloride. The extract will be assayed on a fused silica capillary column by
GC equipped with a flame ionization detector. The target detection limit
for both DCPD and BCHD will be 10 ug/l.

The methodology for DCPD and BCHD in soil and solids involves obtaining a
ten gram portion of sample with a minimum of handling, blending with ten
grams anhydrous sodium sulfate and shaking the mixture with 20 ml methylene
chloride for four hours. An aliquot of the extract is assayed directly on a
fused silica capillary column by GC equipped with a flame ionization
detector. The target detection limit for DCPD abd BCHD in soil will be 10

¥g/g.
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Organosulfur Compounds in Phase II Samples

The organosulfur compounds that will be target analyres in Phase II are
listed in Table 4.3, Methodologies fcr organosulfur analyses will be
developed from USATHAMA Method 4P for water and USATHAMA Method 1G for

solids.

In a water matzix an 800 ml sample will be extracted three times with 50 ml
methylene chloride. The extract volume shall be reduced in a K-D apparatus
and excranged for isooctane. The isooctane extract will be assayed on a
packea column (5% SP-1000 on Chromosorb) by GC with a flame photometric
detector. The target detection limit for organosulfur compounds in water
will be 2 ug/l.

For solid matrix (USATHAMA Method 1G) samples = ten gram portion of soil
will te mixed with ten grams of anhydrous sodium sulfate and extracted with
20 ml hexane/acetone (1:1) with shaking for four hours. An aliquot of the
extract will be injected onto a packed column (5% SP-1000 on Chromosorb) and
analyzed by GC =quipped with a flame photometric detector. The hexane/
acetone extraction method was selected for compatibility of extraction
procedure with organochloride pesticides and organcphosphorous compounds in
solids. Tarret detection limits for organmosulfur compounds in solids will

be 1 ug/g.

Phosphonates in Phase II Samples

The phosphonates Include diisopropylmethylphosphonate (DIMP) and
dimethylmethylphosphonate (OMMP), 3Specific analytical methodologies for
phosphonates will be developed from USATHAMA Method 4S for water and
USATHAMA Method 1H for soils.

Water analysis for phosphonates will involve extracting am 800 ml sample
three times with methyleme chloride. The extract shall be combined, the
volume reduced in a K-D apparatus and exchanged with iscoctane. The
isooctane extract will be analyzed on a fused silica capillary column by GC
equipped with a nitrogen/phosphorous detector. The target detection limit
for phosphonates in water will be 2 ug/l.
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In 8 solid matrix, a 20 om sample will be prepared for phosphonate analyses
by extraction with 20 ml methylere chloride with sodium sulfate, The
extract will be assayed on a fused silica capillary column by GC using a
nitrooen/phosphorous detector, Target detection limits for phosphonates in
soils will be 1 ug/g from DIMP and 2ug/g for OMMP,

Organcphosphorous Pesticides in Phase I1 Samples

Organophosphorous compounds targeted for Phase 11 analyses are listed in
Table 4.2, Analytical methods for these compounds are derived from EPQ
Method 8140 (EPA SW-846) for both water and soil matrices.

In a water matrix the five organophosphorous compounds will be extracted
from an 800 ml sample with three 50 ml volumes of methylene chloride. The
extract will be concentrated and exchanged with icooctane to a final volume
of 5 ml. An aliguot of the extract will be assayed on a fused silica
capillary colum by GC equipped with a nitrogen/phosphorous detector.
Target detection limits for the five orgamophosphorous pesticides in wacer
will be 0.1 po/l.

The analyis of organophosphorous compounds in soil will involve mixing ten
grams of anhydrous sodium sulfate and extracted with 20 ml of hexane/acetone
(1:1) for four hours. Alicuots of the extract will be assayed by GC with a
nitrogen/phosphorous detector using a fused silica column. The desired
turget detection limit for orgamophosphorous compcunds in solids will be

1 wg/q.

Metals in Phase 11 Samples

Eleven metals will be assayed in Phase II matrices. The metals and
principal analytical method will be as follows: arsenic and mercury by
atomic absorption; and chrowmium, cadmium, corpper, lead, zirc, magnesium,
calcium and sodium by ICP.

The method for arsenic anmalysis «ill pe derived from EPA Method 206.2
(EPA-600/4-79-020) for water and EFA Methoc 7060 with extraction by EPA
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Method 3050 (EPA SW-846) for solids. Using EPA Method 206.2
(EPA-600/4-79-020), a 100 ml sample of water will be digested with hydrogen
peroxide and concentrated nitric acid. The digest will be assayed by
graphite furnace atomic absorption spectrometry. Target detection limits
for arsenic in water will be 10 ug/l. For arsenic in soils a one gram
sample will be digested with hydro- .n peroxide and concentrated nitric acid
and the digest assayed by graphite “urnace atomic absorption spectrometry.
The desired detection limits for arsenic in soils will be 1 ug/g.

The mercury methods will be derived from EPA Method 245.1 (EPA-600/4-79-020)
for water and EPA Method 245.5 (EPA-600/4-79-020) for solids. In the water
method a 100 ml sample will be treated with sulfuric acid, nitric acid,
potasssium pemmanganate and potassium pursulfate., Excess permanganate will
be destroyed with hydroxylamine sulfate. Mercury will be reduced with
starnous sulfate and assayed by cold vapor a*tomic absorption spectrometry.
The target detection limit for mercury in water will be 0.1 ug/l.

Mercurv analysis in solids has been discussed previously in Section 4.2.2.

The method for ICP metals in water was derived from EPA Method 200.7
(EPA-800/4-79-020). An ICP method in solids was developed from a modified
USATHAMA 7S Procedure. Target analytes and desired detection limits for ICP
metals in each matrix are shown in Table 4.3,

All water samples for ICP metals will be digested by adding nitric and
hydrochloric acid and heating berore analyses to dissolve any percipitates
that may have formed after sampling. The sample digest will be filtered,
brought to a final volume of 50 ml and assayed by inductively coupled argon
plasma emission spectrometry.

Phase II soils will be assayed for ICP metals by digesting one gram of soil
with repeated portions of nitric acid and finishing the sample with
hydrochloric acid. The sample digest will then be filtered, brought to a
fimal volume of 50 ml and assayed by inductively coupled argon plasma
emission spectrometry.
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Anions in Phase 11 Samples

Five anions, including sulfate, nitrate, chloride, fluoride and phosphate,
will be surveyed in selected Phase II samples. Detection limits for these
anions are listed in Table 4.3. For sulfate, chloride and fluoride in
water, EPA Method 300 (EPA 600/4-79-020) will be used. Nitrates and
phosphates in water and all five anions in soils will be assayed by
contractor devaloped methods will be USATHAMA Certified.

In water, the sample will be filtered and analyzed for sulfate, chloride and
fluoride directly by ion chromotography using suppressor/separator columns.
Nitrate and phosphate will be assayed on an autoanalyzer. Sulfate, choloride
and fluoride 1ons will be determined in a single run without post column
reaction using peak areas to determine concentration. Nitrate and phosphate
ions will be determined colormetrically.

In soils, a one gram portion of sample will be combinred with 10 ml water in
a screw cap tube and extracted in an ultrasonic bath for 30 minutes. The
water extract will be filtered and the filtrate assayed by ion chromatography
using suppresssor/separator columns. Nitrate and phosphate will be assayed
on an autoanalyzer., Sulfate chloride and fluoride ions will be guantified
in a singla run without post colum reaction using peak areas. Nitrate and
phosphate ions will be determired colormetrically.

GC/MS Confirmation of Phase I Samples

Approximately ten percent of the total number of Phase II samples which were
found to contain quantifiable target organic compounds by GC will be screened
by GC/MS to confirm analyte identity and purity. The presence or absence of
co-eluting unknown peaks will be the single criterion used to confirm purity
of target analytes. The GC/MS confirmatjon will be performed within the
prescribed holding time for sample extracts using columns and conditions
similar to those used in the origiral Phase II GC analyses. This GC/MS
confirmation method will provide positive or megative verification of target
compound identity and purity only and will be performed without prior
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certification. New unknowns- will not be identified during the GC/MS
@ confirmation program. It is anticipated that low concentrations of certain
target analytes may not be applicable to this confirmation technique.

4-15



TASK 2 TECHNICAL PLAN
Revision 1 - 8/85

5.0 QUALITY ASSURANCE/QUALITY CONTROL PLAN

5.1 Project QA/QC Plan

An integral part of the Technical Plan is the project specific Quality
Assurance/Quality Control (QA/QC) Plan describing the application of
Ebasco's procedures to monitor and control fleld and analytical efforts at
RMA. Ebasco has developed a Project QA/QC Plan applicable to geotechnical,
sampling and analytical activities for Task 2. The plan is presented in
Section III of the Task 2 RMA Procedures Manual. The specific objectives of
the £basco Quality Assurance Program for RMA are to:

0 Ensure adherence to established USATHAMA QA Program guidelines and
standards;

0 Assure precision and accuracy for measurement data;

o Ensure validity of procedures and systems used to achieve project
goals;

o Assure that documentation 1s verified and complete;

0 Ensure that deficiencies affecting quality of data are quickly
determined;

o Perform corrective actions that are approved and properly documented;

0 Assure that the data acquired will be sufficlently documented to be
legally defansible;

o Ensure that the precision and accuracy levels attalned during the
USATHAMA analytical certification program are maintajined during the
pro ject.



The overall project QA/QC responsibility rests with the Project Quality
Assurance Coordinator. He will be assisted by the field and laboratory
QA/QC coordinators. Ebasco has prnposed the use of two field sampling
teams. Each team will include a field QA/QC Coordinmator. The field QA/QC
Coordinator for each team will assure that all quality cdntrol procedures
are implemented for drilling, sampling, chain-of-custody and documentation.

Ebasco is using two laboratories for the performance of chemical analytical
services, 8oth laboratories will comply with the project QA/QC plan. Each
laboratory has appointed a Laboratory QA/QC Coordinator. Their
responsibilities include:

0 Monitor the quality control activities of the laboratory;

o Recommend improvement in laboratory quality control protocol, when

necessary;

o Log in samples, introduce control samples in the sample train and
establish sample testing lot sizes;

0 Approve all data before submission to permanent storage;

o0 Maintain all quality control records and chain-of-custody documents;

0 Assure document and sample security;

o Inform Ebasco's Project QA Coordinator of non-compliance with the
Project QA Plan; and

0 Prepare and submit a weekly report of quality control data to the
Ebasco Project Quality Assurance Coordinator.

Prior to actual field program, a QA/QC training will be conducted by the

project QA/QC Coordinator to indoctrinate field, laboratory and project
personnel in the specific procedures detailed in the project QA/QC Plan,
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Also, prior to analysis of samples, the project QA/QC coordinator will visit
the laboratories to review analytical procedures with chemical analysis
personnel and instruct the Laboratory QA/QC Coordinators in the requirements
of the project QA/QC plan and data validation procedures. In addition, the
project QA/QC coordinator will perform audits of field and laboratory work
on a bi-monthly basis to ensure compliance with the Project QA/QC Plan.
Specific project QA/QC requirements are described in the following sections.

5.2 Specific Project Requirements

5.2.1 Geotechnical Requirements

The project geotechnlical requirements are described in Section 7 of the
QA/QC Plan (Section III of the Task 2 RMA Procedures Manual). These
requirements are based on the geotechnical guidelines established by
USATHAMA, Specifically, this chapter addresses the geotechnical
requirements for well drilling operations, borehole 1logging, well
installation and development, well diagrams, well acceptance, topographic
surveying, selected data management entries and geotechnical reports.
Ebasco will have a geologist present and responsible at each operating drill
rig for the logging of samples, monitoring drilling operations, recording of
water losses/gains and groundwater data, preparing the boring logs and well
diagrams and recording the well installation procedures of that rig. The
ulitmate responsiblity of accepting a monitoring well for groundwater
sampling rests with the Ebasco field QA/QC Coordinator. In accepting a
monitoring well the fleld QA/QC Coordinator will use established criteria.
Wells not meeting these minimum criteria may be rejected by the field QA
Coordinator.

5.2.2 Fleld Sampling

The management of samples, up through the point of shipment from the field
to the laboratory, will be under the supervision of Ebasco's Field QA
Coordinators (FQAC). Samples must be collected in properly cleaned
containers, properly labeled, preserved and transported according to the
prescribed methods. Section 8.0 of thes Project QA/QC Plan describes the




procedures to monitor adherence to approved sampling protocol. If the FQAC
determines that deviations from the sampling protocol have occurred,
resulting in a compromise of the sample integrity, all samples taken prior
to the inspection will be discarded and fresh samples will be taken, The
FQAC will introduce field control samples intu the sample flow in an
inconspicuous fashion. The FQAC is responsible for field chain-of-custody
documentation and transfer and will supervise the strict adherence to
chain-of-custody procedures.

5.2.3 Laboratory Quality Assurance Procedures

Section 10 of the Project QA/QC Plan describes the Laboratory Quality
Assurance Procedures. Both Laboratories along with their internal quality
assurance program will achere to the Project QA/QC Program.

The Laboratory QA Program begins with the receive of the samples: from the

field. All samples will be shipped to UBTL for logging in, sample splitting
and distribution for analyses., The Laboratory Quality Assurance Coordimator
is responsible for monitoring the laboratory activities. He is also respon-
sible for determining testing lot sizes and introducing laboratory control

samples into the testing lot.

The samples must be amalyzed within the prescribed holding time by the
approved analytical methods. Analytical methods are described in Section
4.0 of the Technical Plan.

5.2.4 laboratory Analytical Controls

Daily quality contral of the analytical systems ensuree accurate and
reproducible results. Careful calibration and the introduction of the
control samples are prefequisites for obtaining accurate and reliable
results. Procedures for instrument calibration and analytical controls are
described in Section 12 of the Project QA/QC Plan.

The laboratory ccordinmator for each laboratory will monitor the analytical
controls. The nut-of-control situation can be detected by the control

charts.
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When an out-of-control situarion is detected, efforts will be initiated to
determine the cause. Corrective actions will be taken to bring the process
under control. Full documentation of an out-of-control situation and the
subsequent corractive action will be recorded by the Laboratory Quality
Assuance Coordirator.

5.2.5 Laboratory Data Management, Data Review and Validation and Reporting
" Procedures

Sections 13 to 16 of the Project QA/QC Plan detail the procedures for
laboratory data review, validation and reporting procedures. The
laboratories utilize highly automated system for analytical data collection
and reduction., The analytical supervisor along with the Laboratory QA
Coordinmator review all analytical data after data reduction and prior to the
transfer of the data report to Ebasco. The laboratory data reporting
procedure is described in Section 15 of the Project QA/QC Plan which is
based on the established USATHAMA reportinmg procedures for analyses
performed at quantitative and semi-quantitative levels. The laboratories
will achere to this reporting procedures.
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Sample control identirfication numbers will be assioned to each sample
collected in the field by the sample coordinmator. These sample identifiers
are to be recorded on the sample tag in the fleld data log book and on the
sample chain of custody record at the time of sample collection. The chain
of custody record will also serve as the analytical request form, verifiable
by the analytical request list on tnhe sample tag. The sample coordinator
will check sample tags, chain of custedy forms and field data logs to assure
complete and correct field data entry. Field identification numbers will
remain with each sample throughout the data collection, shipment, analysis
and report phases of the program.

As part of the logoing in of field data, the sample coordinator will copy
2ach chain of custody form onto the field notebook, package and seal the
samples for shipment to the laboratory anc assure the shipment cf these
samples., The sample coordinator will forward the necessary written field
records to the data coordinator at Ebasco's Denver office for entry into the
computer.

Geotechnical Program

Geotechnical btoring logs, containing pertinent data regarding borehole
lithology, will be codec immediately upon receipt from the field onto

USATHAMA data coding sheets., These data will be ertered into the Field
Drilling Files by the Ebasco Denver office.

Upon completion of the drilling of borings at each site, a surveying crew
will determine map coordinates and ground elevations for the location of
each boring. These survey data will be coded immediately onto USATHAMA data
coding sheets, and will be entered into the IR-DMS Map Files by the Ebasco
Denver office. It is critical that these files be entersd into the data
management system before the completion of chemical analyses, as each sample
location must be asscciated with a map location.

Nire ground water monitoring wells are planned for the Phase II program of
" Yask 2. Upon ccmplation of the well construction, data such as total depth
of well, casing and screen langth, and location of sand pack, bentonite, and




grout seals will be coded and entered into the Field Orilling File. Water
levels will be determined and will be entered into the Ground Water
Stabilized File.

Laboratory

When samples are received at UBTL, the sample receipt officer will sian the
chain of custody record, log in sample shipment, verify sample integrity,
assign sample lots, prepare split samples and identify samples to be sent to
CAL or to be retained by UBTL for chemical analysis. Each laboratery, UBTL
and CAL, will submit weekly sample status reports to Ebasco's data manager.
This weekly status report will be used to aid in planning the rate of field
sampling and the distribution of laboratory workloads.

Field and laboratory sample control identification and chemical analysis
data will be transcribed to the data coding sheet by UBTL and CAL, then
verified using the program's laboratory control procedures. The verified
data coding sheets will then be delivered, by courier, to Ebasco's data
manager for entry into the IR-DMS data base.

6.3 Data Entry and Validation

Figure 6.3-1 describes the flow and decisions necessary to successfuly enter
laboratory results into the IR-DMS Univac 1100/61. The first step in data
entry will be to create a magnetic tape copy of the coding sheets on the
Tektronix 4051 terminmal by keypunching. The Tektronix operator will enter
only a subset of a complete file at one time. These file subsets will later
be merged to a single file using the WNIVAC. After keypunching, the operator
will obtain a printed ~opy of the data subset using the Tektronix printer,
and will verify that the data in the Tektronix tape file is identical to
that on the coding sheets. The operator will correct any data entry typo-
graphic errors using the Tektronix editor, then obtain a second printing of
the file to confirm that the changes were properly made. Methods
certification data and map locaticn data will be entered first because
validation routines make use of it,
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FIGURE 8.3-1
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Once the operator is certain that there are no remaining data entry errors
on the Tektronix tape, the operator will use the Tektronix 4051 as a remote
termminal to transfer the data to the UNIVAC 1100/60. To do this, the opera-
tor will load the data entry software, catalog a Level 1 (pre-acceptance)
file on the UNIVAC, and transmit the data over the telephone lines using a
modulator-demodulator (modem). Ebasco's operators will transfer Tektronix
entry tape files to Level 1 UNIVAC files at least once per week, and will
maintain a log of terminal usage and communication with the UNIVAC.

Once data is transferred, the operator will make use of IR-OMS utilities
provided to convert English units of measurement to SI units. Also, to
convert State Planar or UTM grid system coordinates to lecal origin
coordinates, if necessary.

Next, the operator will invoke the IR-DMS data acceptance routires to perform
the final data verification and create a Level 2 (temporary read-only) file.
The acceptance routines will identify any errors in format or coding and any
inconsistencies with corresponding map records previously loaded. If the
acceptance routine does find errors at this stage, the operator will check
the "R" file. The "R" file contains the rejected records that the acceptance
routine creates. The WNIVAC editor is used to correct the verified entries,
then they are resubmitted to the UNIVAC for acceptance. After acceptance,
the operator will run the Level 2 transfer routine to create a Level 2 file
for geological data. (The IR-DMS automatically creates chemical and
geological Level 2 files.) Ebssco's operators will run the Level 1 data
files through the data acceptance routines within seven days of their
transfer to the UNIVAC system. They will delete Level 1 files once this

data is accepted at Level 2.

Once the Level 2 file is created, the data processing cperator will create a
printed copy of the data set on the UNIVAC 1100/60 and submit, within ten
working days of the Level 2 transfer, this cocpy to USATHAMA,

The final step in the data entry and validation process, the creation of a
Level 3 (final version, read-only) file, is undertaken by the USATHAMA APG-EA

gata processing staff.

-
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FIGURE 6.3-2
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Ebasco intends to develop 3 streamlined data collection/entry procedure
during the course of this program. Figure 6.3-2 illustrates the basic
approach to be followed in streamlining this data collection/entry procedure.
This procedure will involve data entry and verification on the VAX computers
at UBTL and CAL with subsequent data transfer to an IBM PC or Tektronix
computer at Ebasco's Denver office. Data is then entered into the UNIVAC.
The system is expected to increase the efficiency and reliability of the
collection/entry process without any adverse cost impacts to USATHAMA,
while this streamlirmed system is being developed, the data flow to the
UNIVAC will be maintained via the Tektronix-UNIVAC hardware (Figure 6.3-1).

6.4 Analysis and P.resentation

Ebasco scientists will access the USATHAMA IR data base and will perform
analyses as required to support all contamination assessment work. The data
analysis efforts will include graphic representations of data using data
gridding, contouring, and three-dimensional surface representations.
(Specifics of the contamination assessment work are presented in Section 8.)

Several techniques will be used to access the data. If possible, IBM PCs
will be used in terminal emulation mode to capture Level 3 data from the IR
data base in order to perform analyses and prepare material for presentation.
The Tektronix 4051 terminal will also be used in a direct link to the UNIVAC
to prepare analyses and graphic representations. &basco scientists may
establish communication links between IBM PCs to interchange data and
facilitate data analysis.
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TASK 2 TECHNICAL PLAN

Revision 1 - 8/85

7.0 HEALTH AND SAFETY PLAN

A draft of the project Health and 3afety Plan (HASP), prepared according to
the Ebasco Corporate Health and Safety Program, is included in Section IV of
the Task 2 RMA Procedures Manual. The purpose of thls section is to provide
an averview of the safety program that Ebasco wlll employ to ensure the
safety of its employees and that of subcontractors engaged in the fileld
investigation activities at RMA. All pesonnel working at RMA are or will be
familiar with this document and they are and or will be indoctrinated in all
aspects of the safety program.

In particular, the following specifics of this document are especially
important to the South Plants Area investigative activitlies. These are:

Safety organization, administration and responsibilities;
Initial assessment and procedures for hazard assessment;
Safety training;

Safety operations procedures;

Monitoring procedures;

Safety conslderations for sampling; and

0O 0 0 06 0 0 o

Emergency procedures.

Overall responsibility for safety during the site investigation activitles
tests with the Project Health and Safety Officer. He 1s responsible for
developing the site-specific HASP at RMA and through the on-site Health and
Safety Coordinator assumes its Implementation responsibility. Specifically,
he and his staff are responsible for:

o Characterizing the potential specific chemical and physical hazards
to be encountered;

0 Developing all safety procedures and operation on-site;

0 Assuring that adequate and appropriate safety training and equipment
are available for project personnel;
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o Arranging for medical examinations for specified project personnel;

o Arranging for the availability of cn-site emergency medical care and
first aid, as necessary;

o Determining and posting locations and routes to site work zones;

o Notifying installation emergency officers (i.e., police and fire
departments) of the nature of the team's operations and making
emergency telephone numbers available to all team members;

0 Indoctrinmating all team members in safety procedures.

In implementing this safety program, the project}Health and Safety Officer
will be assisted by a field Health and Safety Coordinator. His function is
to oversee that the established health and safety procedures are properly
followed. The detajls of the safety organization, administration and
responsibilities are described in Section I of this HASP,

The South Plants Area consists of over 300 buildings formerly housing
various commerical chemical (pesticides) manufacturing process and
laboratories as well as military production {military ordinance and chemical
agents) and storage facilities. Based on the evaluation of past activities,
incidents and, accidents and investigtions, the presence of chemicals and
wastes were found to be present randomly throughout the South Plants area in
the fom of solid, liquid and gases. The characteristics of these waste are
known to be toxic and hazardous to the human health, The conclusion on the
site hazard assessment based on historical evidence is that the overall site
hazard assessment is extremely variable and is entirely location and
operation dependent. Section V of the HASP describes the procedures to be
employed to detemmine hazard of a specific building or a sampling location
for the identification of the prelimimary level of protection reguirement,

Section VI of the HASP explains the training program that is planned for the

RMA project. Basically, the training will focus on the gemeral health and
safety consideration and provide site specific safety instructions.,
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Section VII describes in detail the safety operations procedures. The
important aspects of the safety operatiuns procedures are:

o Zone approach for field work;
6 Personnal protection; and
0 Communications.

A three zone approach (Support Zone, Contamination Reduction Zore and
Exclusion Zone), where possible, will be utilized for fileld work at RMA.
The Support Zone will contain the Cammand Post with appropriate facilities
such as communications, first aid, safety equipment, support personnel,
hygiene facilities, etc. This zone will be manned at all times when field
team are operating downrange. Adjacent to the Support Zone will be the
Contaminmation Reduction Zorme (CRZ) which will contain the contamination
reduction corridor for the decontaminmation of ecuipment and personnel (the
actual decontamination procedures are discussed in Section X of the HASP),
All areas beyond the CRZ will be considered the Exclusion Zone. For any
building investigation, the building itself will be defined as the Exclusion
Zone, For well drilling or soil boring operations the Exclusion Zone will
be established as a 30 foot radius from the drill rig. These support
facilities are discussed and illustrated in Section 3,

The level of protection to be worn by field persomnel will be defined and
controlled by the on-site Health and Safety Coordimator and will be
specifically defined for each operation in an information sheet (Facility
Information Sheet). The preliminary Facility Information Sheet (FIS) will
be developed based upon historical information and data. This will be
upgraded and utilized for future cperations based upon the results of the
Health and Safety portion of the Buildings and Soil Sampling programs. For
these programs, Level C type protection will generally be provided for
investigation team members, however, Level D type protection may also be
utilized as appropriate based on assessment by the Health and Safety Officer
vand the on-site Health and Safety Coordinator. If determined necessary,
changing from Level C to A protection can be easily achieved in the field.
This can be accomplished in a matter of hours. Basic level of protection
(i.e., Levels A, B, C or D) for general operations are defined in Section VII.
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Maintaining proper communications among team members (investigation team and
Health and Safety team members) during field ihvestigation work is of utmost
importance for the protection of investigation team members. The methads of
communication that will be employed are:

Walkie Talkies;

Air Horns;

Hand Signal;

Voice Amplication System.

o O o o

For external communication telephones and sirens will be utilized.

Section VIII explains the health and safety monitoring procedures. A
continuous monitoring of the working environment will be performed to ensure
the adequacy of the level of personnel protection. Depending on the history
of the sampling location the presence of the following parameters will be

monitored:

Amy Agents;

Oxygen Level;
Explosive Conditions;
Organic Vapors Level;
Inorganic Gases Level;
Dust Analyses.

o O 0o 0O o o

The type of on-site monitoring instruments to be utilized includes but is
not limited to the following and will be based on the potential for the
instrument specific contaminants to be present:

M18A2 Chemcial Agent Kit for Army Agents;

M8 Alamm for nerve agent;

Oxygen meter for oxgen level;

Combustible gas indicator for explosive condition;

PID and FID meters for organic vapors; and

For incganic gases, a gold film mercury monitor, a chlorine monitor,
a carbon monoxide monitor and a hydrogen sulfide monitor.

0O 0 o 0O o o

7-4

il i i e S e




Based on the monitoring results (real time and field or laboratory analyses
of the health and safety samples) the on-site Health and Safety Coordinator
can stop field investigation work or upgrade and or downgrade the level of
personal protection.

Section IX of the HASP explains the safety considerations during actual
sampling event., It describes the safety procedures to be followed for
drilling operations, soil, surface water and liquid waste sampling, building
sampling, and sampling in a confined space.

The emergency procedures are described in Section XII to XIV of the HASP.
Section XII explains the basic emergency scenarios and activities to be
undertaken during each of these emergency situations; Section XIII describes
how to get emergency services (j.e. medical, fire protection, ambulance,
etc.) and Section XIV outlines the evacuation procedures in case of
emergency such as fire, explosion, and/or a significant release of toxic
gases.
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8.0 CONTAMINATION ASSESSMENT

The objectives of the South Plants Contaminant Assessment Program are to
quantify the contaminants present, reference the extent of contamination,
evaluate the factors that govern contaminant distribution within the South
Plants Area, determine the severity and significance of the contamination,
and apportion contamination by source. In order to accomplish these
objectives, the contamination assessment will consist of the following

subtasks:

1. Determination of the type, magnituce, distribution, and extent of
contamination

2. Examination of the geologic and hydrogeologic influence on the
spatial distribution of contaminants

3. pDetermination of the relationship between the contamination of
existing buildings with historical and current contamination of the

surrounding area

4, Estimation of the significance of soil contamination (criteria

development)

8.1 Type, Magnitude, Distribution, and Extent of Contamination

The results of the soil boring amalyses will be examined to determine the

presence, quantities and extent of ccntamination within the South Plants

area. Compilation of soil-contaminant data by source, location and depth a

will provide examination of the areal and vertical extent of contaminmation. (

The chemical data will be integrated with the spils and geohydrologic data Qf) %
O
™)
v

as described in Secticn 8.2. From this information, the types and concen-
trations of contaminants present, estimztes of the lateral and vertical

|
extent of the contaminants and definition of contaminant boundaries will be ;
various statistical technicues will be used to determine i
I
]

Rocky Mourtain Arsenal
Information Center

8-1 N e A n:#\' (‘alnvnrln

evaluated.
confidence levels of the data.
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The data obtained during Phase I sampling will be used to determine the
final locations of Phase II borings. Depending upon the results of the
Phase I survey, it will either be necessary to extend sampling locations
cutward of the suspected contaminated zone boundary or to use Kriging
techniques to site the Phase II borings. Various statistical technigues
such as analysis of variance and Kriging will be used to determine the
confidence levels of the Phase II data and identify the boundaries of
contaminated zones. Kriging methads will be employed in a manner consistent
with that described in the ESE Technical Plan,

Maps and cross-sections will be prepared to illustrate the spatial
distribution and to delineate the existence of distinct contaminant
concentrations gradients in the proximity of sources and within the overall
South Plants area.

8.2 Factors Influencing Contaminant Distribution and Mobilization

8.2.1 Geologic and Hydrologic Conditions

The hydrological data will be analyzed in conjunction with the historical
information to determine the influence of the subsurface geology and
hydrology in the distribution of contaminants in the ambient soils within

the South Plants area.

Borehole logs of both cuttings and cores will be compiled, integrated, and
interpreted to formulate a site-specific evaluation of geologic conditions.
In additiorn to soil logs, geophysical borehole logging (gamma and neutron
logs) in the groundwater monitoring wells will be examined. These data will
be used *o complete the understanding of subsurface geclogy. Data will be
presented by means of maps and cross sections of soils and geologic
materials will be preparec, illustrating the soil properties that have a
direct impact on the retardation/or mobility of contaminants. These
graphical presentations will be developed for each source area or areas
corresponding to cluster of sources. Cross sections and contaminant:
profiles to the designated depth of sampling (groundwater surface) will be

developed detailing each material type.




Hydrogeologic conditions of the South Plants Area will be assessed following
the evaluation of previously generated hydrogeclogic data and data collected
during this irvestigation. Groundwater elevation contour maps will be
constructed using measurements from newly installed and existing wells of
acceptable construction. The groundwater flow rates and direction within
the South Plants Area will be estimated. Specific aquifer characteristics
will be determined, from slug tests, for both alluvium and the Denver
Formation including values for hydraulic conductivity and transmissivity;
estimates of porosity and storage ccefficients also will be made.

Borehole logs and hydrologic data will be evaluated to assess the
interconnectiveness of alluvium and the Denver Formation within the South
Plants Area. Groundwater quality data from this and previous studies will
be examined to confirm the relationship between water from the alluvial and
Denver Formations and to assess the impact that the specific contaminant
sources have on groundwater quality in both formations.

8.2.2 Contaminant Properties and Geochemistry cf Ambient Soils

The distribution and mobilization of contaminants are functions of both the
molecular characteristics of the target chemicals and the physical/chemical
properties of the soils. These variables will be examined as applied to the
contaminants of concern from literature data and measured sedimentary
properties (soil texture, organic carbon content, pure water pH, and
temperature). Processes such as biodegradation and sorption will be
estimated from literature data (wherever available) and incorporated in the
data analyses to estimate the contribution of these processes to the

observed gradients.

8.3 Relationship of Existing Building Contamination to Past and Present
Soil Contamination '

The analysis of the Phase IA and IB building and Phase I and Phase II soils
data will be used to identify relationships between ambient soil and source
(buildirg) contamination. This relationship will be determined by comparison
of the chemical fingerprint of each source to the chemical constituents




measured in the surrounding soils. This source-soil methodology will be
accomplished by pattern recognition methods applied to the computerized data
base. These methods will allow for an estimate of the spatial extent of
contamination associated with a building and/or cluster of buildings and
define the areas which may require cleanup. In addition, these analyses
will identify the need for additionmal soil borings (increase in sampling
density and change of grid configuration) to better delineate the
contamination bLoundaries.

8.4 §ignificance of Soil Contamination (Criteria Development)

Action levels for the target chemicals are currently being developed by
USAMBRDL in coordination with the "How Clean is Clean" Committee. The
approach being used is the Preliminmary Pollution Limit Values (PPLV) method
applied to five contaminant transport pathways consistent with the proposed
land use scenarios. The pathways are: 1) drinking of groundwater, 2)
inhalation of soil particles (dust), 3) soil ingestion by children, 4)
ingestion of vegetables, and 5) uptake by fish and wildlife.

To date, physical/chemical and toxicological summaries of 55 target
chemicals have been prepared by USAMBROL and are currently being reviewed by
the members of the "How Clean is Clean® Committee together with the overall
PPLY methodology. So far, a number of problems have been identified with
the method as currently implemented by USAMBROL. These are related to: the
mathematics of the model equations, the computation of partition
coefficients, the assumptions in estimating dose rates and the treatment of
uncertainty.

Ebasco will prepare a careful and rigorous technical review o¢f both the
general methodology and the specific PPLV calculations performed for each
chemical to provide USATHAMA with a scienti“ically sound set of values, The
review and computational rafimements will address:

0 Correctress of mathematical expressions and units
vValidity of assumptions and reasonableness
Estimation of uncertainty in all variables and constants used,
especially the ADI values and partition coefficients
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The uncertainty in the computsd PPLV's for soils for each pathway model will
be estimated by wusing a probabilistic model. This method involves
specifying the imputs as probability distributions and propagating them
through the model using Latin Hypercube Sampling ‘LHS) with random pairing
of the inputs. These analyses will produce a distribution of soil
concentrations vs. the cumulative probability that the soil concentration is
safe, Figure 8.4-1 shows the results of this methodology for a hyoothetical
contaminant X and three different pathways. The abscissa is the log maximum
allowable contaminmant concentration in the soil and the ordinate is the
probability that a given soil concentration will result in an exposure egual
ts the acceptable value. The plot is read by picking a desired confidence
level and reading off the corresponding soil concentrations.

Also indicated on the figure is the maximum soil concentration of
contaminant X measured at the hypothetical site. This concentration is the
relevant comparisor point for the drinmking water pathway. For the
inhalation pathway, safe soil concentrations shculd be compared to site
specific concentrations at the surface and the crop pathway should be
ccmpared to maximum concentration in the root zone, i.e., the top Q0.5
meters. As shown for contaminant X, there is a 95 percent probability that
the maximum contaminant soil concentration is unsafe through the ingestion
of groundwater. There is a 60 percent chance that the crop pathway will
lead to an unacceptable dose. Note also that there is no chance that the
levels of contaminant X are unsafe through inhalation of resuspended soil.

The information depicted in these distributions indicates the remedial
objectives for such a site even when significant technical uncertainties
exist. Any remedial action chosen for this site must prevent or mitigate
the migration and exposure through the ingestion of crops grown onsite and
the ingestion of groundwater from the underlying aguifer, given that
probabilities of unsafe doses discussed above exceeds the required
confidence level to provice adequate protection.
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Figure 8.4~1 shows that the distribution of soil concentrations over the
range of 0O to 100 percent probability of acceptable dose have a high
variance. The crop pathway spans over five orders of magnitude and the
drinking water and inhalation pathways span over three orders of magnitude.
This indicates that selecting a remedial action based on the median value of
the soil concentration could lead to a dose above the maximum allowed.




